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ABSTRACT 


This  report  summarizes  the  ^velopment  studies  for  an  SM-2 
Nuclear  Power  Plant  primary  syst^J^  The  studies  include  the  following; 
horizontal  steam  generator,  safety  and  alarm  system,  decontamination 
methods,  waste  disposal,  preassembly  and  packaging,  vapor  container, 
vertical  steam  generator  and  feedwater  control  system,  pressurizer 
development  and  design  studies,  fuel  handling,  Isuperheater,  and  instrumenta 
tion. 


The  design  analysis  for  the  maih4)rimary  system  and  the  primary 
auxiliary  system  i^^ontained  in  this  re^rt  and  inctudes  calculations, 
sketches  and  descriptions. 

The  results  obtained  from  the  development  studies  and  design  analysis 
are  included  for  a  6000  eKW  plant  design  which  utilizes  a  single  28  tMW 
reactor  system,  and  for  the  preliminary  design  of  a  12,  000  eKW  plant  design 
which  utilizes  two  identical  28  tMW  reactor  systems. 
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1.0  INTRODUCTION 


This  report  (four  YOlumes)  covers  the  design  studies  and  analysis 
performed  hy  Alco  Products,  Inc*  for  the  8M-2  Final  Design. 

• 

The  SM-2  Ntfclesr  Power  PIsat,  Pinal  Design,  Phases  1  and  n,  was 
undertaken  toy  Alco  under  Contract  No.  DA*44-102*ENQ»7^  issued  by  the 
U.  S.  Army  Snginser  Research  and  Development  Laboratories  (Corps  of 
Bngineern),  Fort  Belvoir,  Virginia.  Phase  1  work,  beginning  May  1959, 
covered  Desigii  and  Development  Studies  and  Tests  and  Phase  n,  beginning 
iin  June  1990,  covered  the  Pleat  Desifln  Analysis.  Phases  1  and  n  winre 
scheduled  for  complstion  faif  June  SO,*  1960;  an  exteiwiion  was  granted  to 
September  9,  1060. 

•  ®  ’  ’ 

When  Also  started  work  m  Phases  t  and  Q  of  the  SM-2  Final  Design, 
ell  efforts  were  directed  toward  a  single  SM*2  capable  of  'prodnclng  a 
miaimum  of  6  MW  (net)  eleetrisal  power.  The  components  and  systems  to 
be  developed  muter  Pb^es  X  and  XI  were  those  from  the  8M*2  preliminary 
design  performed  by  Alco  .under  Contract  DA-44-009-BNG-:SS06, '  and 
reported  In  APAB  No;  40*  Vol.  X**  and  U***.  PbiaSB  1  end  Q  involve  design  . 
of  the  entire  nuclear  power  plant  except  the  core  and  vessel. 

In  coofmictleii  wftii  the  dM*9  plant  desi||n,  the  U;  8,  Atomic  Energy 
Commission  Initiated  developpent  work  foOctober  1956  under  Contract 
No.  AT(20«2>>220  for  a  reactor  core  and  vessel  capable  of  operating  the 
plant  for  one  year.  Detail  design  Information  on  the  nuclear  design,  reactor 
vessel,  and  control  rod  drives  has  been  developed  and  reported  under  this  , 
contract  in'  APA8  No.  69*. 

•»  ^ 

« 

Alco  directed  all  design  efforts  towards  completion  of  Phases  I  and  *.  . 
n  of  Contract  DA*44-l92«£H0-7  ;q;>  to  April  11,  I960.  At  that  time,  the  ’ 
UBAERpL  Contract  Officer  notified  Alco  to  terminate  all  work  on  the 
6000  elGV  power  plant.  A  contractual  modification  was  Issued  for  a 
resGQped  program,  consisting  of  a  conceptunl  design  for  an  8M-2  12,  dOO*  ^ 
eKW  Power  Complex,  specifie  outline  drawfhgs,  and  primary  system  specifica-  . 
tlons,  .and  epeeiOe  items  which  were  not  included  In  the  work  scope  for  Phases 
X  and  ^  * 

*■  Hoover,  B.-  Xi. ,  project  engineer,  **SM-2  'Core  and  Yaseel  Design 

Analysis,"  APAB  No.  69,  March  8,  1961. 

**  Alco  Products,  Inc. ,  APPk>lB  Preliminary  Design  Study  of  Steam  Electric 

Conversion  System,  Contract  No.  DA-44-009-ENQ<-3506  APAE  No.  40, . 

Vol,  1,  December  11,  1958. 

***  Knighton,  G.  W. ,  "Preliminary  Design  Study  of  SM-2  (APPR-IB)  PWR- 

Steam, Electric  Station,"  APAE  No.  40,  Vol.  n,  June  1959. 
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The  conceptual  design  for  the  SM-2  12, 000  eKW  Power  Complex 
was  completed  on -May  27,  1960  and  reported  in  APAE  No.  68*.  Seven 
specifications  for  the  primary  system  equipment  have  been  prepared  as 
separate  items:  primary  piping,  steam  generator,  pressurizpr,  primary 
pump,  primary  system  insulation,  primary  system ‘shield  tank,  and  primary 


Volume  1  of  this  report  covers  the  primary  system  design  performed 
by  Alco  under  Phases  I  and  H  of  Contract  DA-44-192-ENG-7  for  the  SM-2  . 
,  ^  6000  eKW  plant  and  12, 000  eKW  Power  Cooiptes^.  Volume  2  is  a  companion* 

,  volume  of  dMign  analysis  calculations.  Termination  date  for  work  on  the 

8000  eKW  plant  was  April  ll,  1960,  and  for  work  on  the  12, 000  eKW  Power 
Complex,  June  80,  1960. 


•  « 


•  C!> 

9 

•  !!? 


*  ,Hopver,  H.  L. ,  project  engineer,  "Conceptual  Design  of  SM-2  12, 000 
eKW  Power  Complex, "  APAE  No.  68,  May  27,  1960. 
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2. 0  PHASE  I  DESIGN  AND  DEVELOPMENT  STUDIES  AND 
TESTS  FOR  THE  SM-2  NUCLEAR  POWER  PLANT 


The  status  of  the  work  undertaken  by  Alco  for  design  and  (levelopment 
studies  is  outlined  by  reviewing  a  summary  of  each  study.  The  studies  follow. 

« 

2. 1  HORIZONTAL  STEAM  GENERATOR^^^  * 

•  • 

2.1.1  S.ummary 

•  •  • 

A  preliminary  design  of  a  horizontal  steam  generator  for  SM-2  has  been 
made.  The  chosen  configuration  for  this  design  was  a  two-drum  unit  consist¬ 
ing  of  a  heat  exchanger  unit  and  separator  drum  interconnected  by  integral 
.  riser  and -downcomer.  For  the  given  duty  in  the  SM-2  system,  this  design  * 
has  a  reflux  ratio  of  9. 9:1  at  full  load.  .The  respbnse  of  this  steam  generator 
to  load  transients  was  investigated  with  help  of  the  analog  computer,  using 
a  steam  generator  computer  model  similar  to  the  model  used  for  the  transient 
analysis  of  the  existing  vertical  steam  generator  design«  . 

A  compari.son  of  tlie  .results  of  the  analysis  for  the  horizontal  and  the 
vertical  design  indicated  the  following  advantages  in  favor  of  the  horizontal  . 
design. 

1.  Due  to  slower  decay  of  the  pressure  and  steam  flow  rate  transients 
during  an  increasing  load  change,  more  energy  will  be  available 
during  the  important  initial  time  period  of  the  transient  for 
maintaining  the  turbine  speed  under  increased  load  conditions; 
therefore,  the  horizontal  design  would  contribute  to  better  overall 
plant  transient  response. 

I  • 

.  2.  The  level  surge  during  transients  is  smaller, 

« 

3.  The  height  of  the  unit  is  approximately  one  half  of  the  height  of 
the  vertical  design.  This  could  be  significant  in  the  choice  of  the 
vapor  container  configuration. 

Since  the  vertical  steam  generator  design  presently  incorporated  in 
the  SM-2  design  meets  the  steam  pressure  and  flow  demand  of  the  turbine, 

.  the  above  advantages  are  offset  by  the  following  disadvantages. 

1.  The  unit  is  more  costly. 

2.  The  weight  is  greater. 


*  Reference  citations  refer  to  reference  list  at  end  of  Part  I. 
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3.  The  unit  is  longer  and  would  require  more  space  on  tte  skid. 

4.  A  decay  heat  removal  system  would  be  required  due  to  insufficient 

thermal  head  to  utilize  the  thermal  cycling  as  available  with  a 
vertical  unit.  .  . 

• 

Separation  of  the  moisture  in  the  steam  is  expected  to  be  satisfactory. 

The  outlet  steam  quality  will  be  99. 976  percent  for  a  30  percent  step 
increase  in  load  at  the  85  percent  load  level  (from  70-100  percent  load). 

•  Adequate  level  control  can  be  achieved  with  a  simple  proportional  controller. 

A  .controller  with  a  low  gain  is  desirable  due  to  the  potential  flashing  of  the 
downcomer  liquid  during  inorea^ing  load  transients.  The  decay  of  pressure 
and  steam  flow  rate  during  a  step  increase  in  load  is  found  to  be  slower 
for  a  larger  pipe  volume,  a  larger  riser  volume,  q  higher  pressure  level, 
and  a  larger  reflux  ratio.  The  pressure  and  steam  flow  transient  are  not 
appreciably  affected  by  a  change  in  heat  transfer  surface,  primary  water 
volume,  downcomer  water  volume,  and  metal  volume.  '  .  , 

The  steam  generator  computer  model  has  been  made  capable  of 
indicating  instability  of  the  natural  circulation  (if  present  in  the  system)  ^ 
assuming  that  natural  circulation  exists  at  the  start  of  the  load  change. 

*  A  natural  circulation  stability  criterion  has  been  developed  from  the  formula 
used  in  the  computer  model.  No  instability  of  this  type  has  been  found 
for  the  horizontal  steam  generator  design.  If  natural  circulation  does 
not  exist  at  the  start  of  an  increasing  load  transient,  instability  may  -result 
from  the  transient  movement  through  the  transition  zone,  where  the 
natural  circulation  will  be  established.  A  rough  estimate  indicates  that 
this  transition  may  occur  at  the  30  percent  load  level.  An  analysis  of  this 
form  of  instability  is  desirable. 

^  » 

2.  2  SIMPLIFICATION  OF  SAFETY  AND  ALARM  SYSTEMS  FOR  THE  SM-2^^^ 

*  •  • 

2.  2. 1  Summary 

The  SM-2  scram  and  alarm  system  was  investigated  to  determine' 
which  SM-1  scram  parameters  may  be  eliminated  from  the  SM-2' control  ' 
design,  while  improving  reliability  of  the  plant,  and  to  determine  the 
maximum  scram  set  points  of  the  scram  parameters  retained.  The  results 
show  that  the  high  pressure  primary  coolant  scram  can  be'eliminated  if 
relief  valves  are  provided.  The  high  temperature-  steam  scram  should  be 
eliminated,  since  the  secondary  system  steam  temperature  does  not  reflect 
the  primary  coolant  temperature.  Since  the  high  pressure  steam  scram  is 
duplicated  by  the  functions  of  the  low  coolant  flow  scram  and  low  pressure 
scrams,  it  may  be  eliminated  from  the  control  system. 
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The  startup  behavior  of  ti^  SM>2  was  investigated  using  the  maximum 
seven  rod  bank  reactivity  additio^  rates.  It  wasjound  that  in  the  event  of 
a  continuous  rod  withdrawal  incident  at  startig)^  a  ten  second  period  rod 
motion  stop  U.  more  than  sufficient  to  protect  the  system  from  damage. 

Period  delays  are  incorporated  in. the  period  eeram  instromentation  to 
protect  from  unnecessary  scram^  due  tO  epurious  readings.  The  peak  power 
is  determined  ^  a  function  of  the  power  trip  level.  In  the  event  of  failure 
of  the  control  system  during  a  startup  incident*  the  core  power  will 
continue  to  rise  until  an  inherent  shutdown  mechanism  stops  the  excursions. 

The  method  of  Golian  is  used  to  determine  the  magnitude  of  the  power 
excursion. 

The  set  points  for  the  power  and  outlet  temperature  scrams  were 
determined  using  burnout  heat  flux  ratio  criteria.  The  burnout  ratio  as  a 
function  of  time  after  the  loss  of  the  priniary  pump  was  determined  in  order 
to  establish  the  minimum  setting  for  the  low  flow  scram.  *  * 

The  problem  of  representing  the  response  of  the  SM-2  to  rod  motion 
at  power  was  investigated  using  the 'analog  computer.  The  results  denwnstrate 
that  period  control  may  be  removed  from  the  scram  control  system  when 
the  SM-2  operating  at  or  above  a  power  level  of  3  MV/. 

2.3  DECONTAMINATION  METHODS  . 

2.3.1  Summary 

Two  basic  methods  of  chemical  decontamination  proposed  lor  the 
SM-2  are  decontamination  of  the  complete  primary  system  and  decontamination 
of  a  primary  system  component,  the  steam  generator. 

In  full  system  decontamination,  the  core  is  removed  and  the  decontsmlna' 
tion  solution  circulated*  through  the  entire  primary  system.  Full  system 
decontamination  will  utilize  as  much  of  the  primary  system  as  feasible.  A 
temporary  reactor  vessel  cover  will  be  used  for  tte  decontamination  operation 
to  simplify  filling  and  venting.  Tlie  only  otbjsr  equipment  necessary  for 
decontamination  will  be  the  fill  and  drain  system.  ‘  •  • .  . 

.  •  • 

In  partial  system  decontamination*  Isolation  of  the  specific  component 
is  required.  In  some  cases,  the  method  of  iholatibn  may  be  extremely 
critical  since  isolation  of  the  component  .may  have  to  be  performed  in  a 
radiation  area/  Of  the  various  methods  of  partial  system  decontamination 
investigated,  three  methods  considered  feasible  are  presented  in  this  report: 

a.  Fixed. tube  bundle  decontamination  '  ’ 

b.  Removable  tube  bundle  decontamination 

c.  Isolation  valve  decontamination 


The  three  methods  differ  only  in  the  way  the  component  is  isolated. 

.  In  all  cases,  the  steam*  generator  was  chosen  ad  the  component  to  be  de¬ 
contaminated,  since  it  has  the  greatest  contaminated  surface  area  in  the 
primary  system  excluding  the  core,  and  it  is  the  component  most  likely  to 
require  maintenance.  The  three  steam  generator  decontamination  methods 
require  an  external  circulation  system  as  well  as  a  fill  and  drain  system. 

•  * 

An  evaluation  of  the  full  system  and  partial  system  methods  of 
decontamination  revealed  that  full  system  decontamination  is  the  most 
advantageous.  With  a  full  system  method,  the  entire  primary  system  would 
be  decontamined,  thus  eliminating  the’  possibility  of  redistribution  of 
activity.  Other  advantages  include  a  minimum  ot  external  equipment,  low 
overall  plant  activity  levels,  and  higher  decontamina'tion  solution  flow  rates 
at  no  additional  costs  for  pumping  and  piping.  The  major  disadvantage  of 
full  system  decontamination  is  the  increased  volume  of  decontamination 
waste  solution  that  must  be  processed. 

2. 4  WASTE  DISPOSAL^^^ 

2.4.1  Summary 

Waste  volume  and  activity  for  all  SM-2  plant  wastes  were  estimated, 
Problems  of  normal  and  periodic  radioactive  plant  wastes  were  investigated. 
For  laboratory  and  decontamination  wastes,  samples  were  obtained  or 
prepared  for  experimental  evaluation,  .^valuation  included  ion  exchange 
and  precipitation  processing  methods  and  corrosion  testing. 

Three  possible  waste  disposal  systems  were  considered  in  the  final 
evaluation;  Elution,  ion  exchange  and  dilution,  and  evaporation  and 
dilution.  Ion  exchange  and  evaporation  waste  disposal  systems  were 
compared  on  the  basis  of  feasibility  and  costs.  Particular  emphasis  was 
given  to  the  processing  of  normal  and  periodic  wastes  iii  a  remote  location. . 

2.4. 1.1  Conclusions  ' 

The  following  conclusions  were  reached  on  the  basis  of  work  performed 

under  this  program: 

!•  Operation  of  SM-2  will  result  in  an  estimated  accumulation  of 
*  1D40  gal/mo  of  primary  coolant  waste  and  170  gal/mo  of 

laboratory  wastes.  Approximately  740  gal  of  the  primary  coolanf 
,  waste  will  be  due  to  the’  continuous  sampling  of  oxygen  and 

hydrogen  in  the  primary  system.  Activity  of  these  wastes  after 
4-6  weeks  decay  will  consist  primarily  of  Co-60,  -58,  Fe-59, 
Mn-54,  and  Taxl82.  Maximum  long-lived  activity  was  calculated 
to  be  7. 3  X  lO’**  pLc/cc  after  ^proximately  15-20  yr  of  reactor 
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operation.  Fission  product  levels  at  shutdown  were  assumed  to 
observed  SM-1,  Core  I  levels  and  would  be  insignificant  (except 
for  Sr-90)  for  waste  disposal  purposes  after  4-6.  weeks  decay. 

2.  Processing  of  SM-1  laboratory  waste  samples  by  cation  exchange, 
resulted  in  decontamination  factors  (DF)  of  more  than  200  across 
the  resin.  These  wastes  were  acidic  (pH-2)  and  contained  1520 
ppm  total  solids  and  535  ppm  dissolved  solids  as  CaCO^.  Results 
reported  at  other  installations  are  not  as  encouraging  as  those 
reported  in  the  present  study* 

3.  Wastes  resulting  from  SM-2  primary  system  decontamination 
by  the  caustic  permaganate -citrate  combination  solution  method 
will  constitute  the  largest  fraction  of  periodic  plant  wastes. 
Approxim^ely  12*  000  gal  of  waste  will  result  from  such  decon¬ 
tamination.  Waste  activity  depends  upon  reactor  history  and  the 
DF  obtained.  •  For  a  full  system  decontamination  performed  after 
5  yr  of  SM-2  operation  with  DF  of  20*  the  activity  in  the  citrate 
solution  was  calculated  to  be  6. 1  //  c/cc. 

4.  A  practical  method  of  processing  decontamination  wastes  is  to 
mix  the  spent  caustic  permanganate  and  citrate  solutions  and 
either  allow  the  mixture  to  St^nd  for  8  weeks  at  room  tempera¬ 
ture  or  heat  the  mixture  at  85°C  for  approximately  3  hr. 

The  resultant  reaction  precipitates  manganese  dioxide  as  a 
scavenger  of  radioactivity  and  permits  decantation  of  the 
remaining  basic  supernate  for  subsequent  processing.  However* 
considerable  ammonia  is  produced  by  mixing  the  chemical 
decontamination  solutions. 

5.  Corrosion  results  indicate  that  carbon  steel  can  be  used  to 
contain  mixed  decontamination  solution  at  temperatures  up  to 
50^C.  However  stainless  steel  should  be  used  when  the  temp¬ 
erature  of  the  solution  is  at  or  near  boiling. 

•  •  •  • 

6.  Because  the  SM-2  location  is  unknown*  a  flexible  waste  disposal 
design  is  required.  A  system  based  on  evaporation  and  dilution 
to  dischaz^e  levels  affoz^  the  most  versatility*  particularly 
where  there  is  a  restriction  on  dilution  water  or  discharge  limits, 

7.  Normal  plant  wastes  may  require,  initial  processing  prior  to 
dilution  tq  discharge  tolerance  <X  x  10*'^  /fc/cc).  *nie 

*  ^  feasibility  of  processing  SM*2  plant 'wastes  by  Ion  ^change 
’  *  Is  tmeertain.  The  ex^ange  mebiods  ar.e  not  practical  for 
•processing  decontamination  wastes  because  of  the  high  solids 
content. 
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8.  Evaporation  costs  for  processing  SM-2  plant  wastes  are 

lower  than  ion  exchange  costs  when  dissolved  solids  or  monthly 
waste  output  are  high. 

2.4, 1.2  Recommendations 


A  waste  disposal  system  based  on  evaporation  and  dilution  to  discharge 
levels  should  be  included  in  the  SM-2  design.  Provisions  should  include 
the  following: 

1.  Two  5000-gal  storage  tanks,  one  for  chemical  decontamination* 
solution  and  one  for  water  flush  cycles. 

2.  A  2500-gal  tank  to  permit  decay  of  normal  SM-2  plant  wastes 
prior  to  final  processing. 

3.  Facilities  for  processing  or  ultimate  disposal  of  both  the 
manganese  dioxide  slurry  resulting  from  decontamination  wastes 

.  and  the  residues  from  evaporation. 

« 2.  5  PREASSEMBLY  AND  PACKAGING^ ' 

.  2,  5. 1  Summary  " 


This  study  describes,  discusses  and  evaluates  the  preassemb^  and 
packaging  of  the  SM-2  plant.  Reference  documents  were  Volumes  P and 
Il(8)  of  APAE  40,  covering  the  preliminary  design  study  of  the  SM-2 
steam  electric  station. 

The  overall  packaging  concept  offers  definite  advantages  for  the* 
plant  in  general,  and  the  SM-2  Final  Design  is  proceeding  on  the  basis  of 
incorporating  the  design  features  produced  in  this  study  for  truck  and  rail 
shipments. 

The  results  of  the  study  showed  the  following  disadvantages  of  a 
packaged  plant; 

1.  the  plant  layout  of  skids  required  more  space 

2.  skid  structural  members  increased  overall  costs. 
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In  general,  .these  disadvantages  were  offset  by  the  following,  advantages:* 


1.  prepackaged  units  reduced  o^'erall  erection  time  and  costs 

2.  the  number  of  component  packages  were  reduced, 

3.  a  higher  degree  of  reliability  is  obtained  due  to  shop  testing 

4.  equipment  can  be  dismantled  and  relocated 

The  study  developed  skid  sizes  which  are  shown  on  the  summary 
ftable*on  Page  12.  In  general  most  of  the  skids  meet  shipping  allowances  from 
a  weight  and  size  standpoint.  Special  consideration  must  be  given  to  the 
primary  skid  which  is  determined  from  a  height  and  weight  standpoint. 

Skids  No.  1  thru  5  represent  the  arrangement  of  the  electrical 
equipment.  The  4160  v  awitchgear  and  power  transformers  are  located  in 
an  outdoor  sub-station.  Auxiliary  generator  equipment,  motor  control  center 
and  batteries  will  be  located  in  the  secondary  systems  building. 

Skid  No.  6  represents  the  plant  control  console.  Basic  instruments 
.  will  be  mounted  in  the  console  for  automatic  operation  of  the  plant.  The 
console  will  be  common  to  the  primary  and  secondary  systems  and  located 
,on  the  mezzanine  level  of  the  secondary  system  building.  For  reliability 
the  plant  instrumentation  is  designed  on  the  basis  of  electric  hydraulic 
controls  for  major  servicrs. 

Skids  No.  ?,  8  and  9  represent  the  equipment  components  of  a  turbine- 
generator-condenser  unit.  The  condenser  is  designed  structurally  to  . 
support  the  turbo-generatpr.  The  turbine -generator  will  be  located  on  a 
mezzanine  level  of  the  secondary  system  building.  The  condenser  will  be 
located  directly  below  on  floor  level. 

Three  locations  for  turbine  exhausts  were  considered:  top,  bottom 
and  side.  A  secondary  system  building  layout  was  made  for  each  basic 
turbine  exhkust,.  and  it  was  concluded  that  the.bottom  exhaust  offered  a* 
more  suitable  design  for  a  packaging  concept.  The  plant  during  maintenance 
periods. 

The  secondary  system  auxiliary  equipment  is  represented  by  Skids 
10  thru  15.  Feedwater  heaters  and  pumps  are  located  on  a  common  skid. 
Condensate  pumps  were,  deleted  from  the  skid.  Although  vertical  condensate 
pumps  offered  greater  plant  reliability  than  horizontal  pumps,  the  con¬ 
densate  pumps  were  too  long  from  a  shipping  standpoint  for  ad^tability  to 
a  skid  design. 
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Plus  approx.  25, 000  lbs  for  structural  steel  req'd  for  condenser  -  turbine  supporting  design. 


Regarding  secondary  system  water  treatment,  it  was  concluded  that 
.plant  reliability  would  be  increased  by  a  water  treatment  facility  consisting 
of  demineralizers  rather  than  an  evaporator  type  facility.  Conclusions  were 
based  on  water  purity,  ease  of  control,  logistics  and  maintenance. 

Skids  16  thru  19  inclusive  represent  primary  systems  equipment.  The' 
primary  system  skid  is  based  on  the  use  of  a  vertical  steam  generator  and 
concrefe -water  primary  shielding. 

2.  6  VAPOR  CONTAINER 
2.  6. 1  Summary 


A  number  of  feasible  vapor  container  concepts  for  the  SM-2  plant 
design  were  developed  using  a  steel  vapor  container  shell  of  either  spherical 
or  cylindrical  configuration.  The  following  vapor  container  dhells  were 
considered: 

.  1.  Spheres  (50,  46,  34,  and  26  ft  dia) 

2.  Single  vertical  cylinder  (20  ft  dia) 

3.  Two  interconnected  vertical  cylinders  (17  ft  dia) 

4.  Single  horizontal  cylinder  <20  ft  dia) 

5.  Sphere  with  pressure  suppression  (26  ft  dia) 

Comparison  of  the  vapor  container  concepts  showed  that  the  vertical 
cylinder  of  the  smallest  feasible  diameter  (20  ft)  with  the  use  of  earth  back¬ 
fill  for  secondary  shielding  and  horizontal  spent  fuel  transfer  to  a  cylindrical 
steel  spent  fuel  storage  tank  located  outside  the  vapor  container  constitutes 
the  best  choice  for  the  SM-2. 

2. 6. 3  Design  Pressure  of  Vapor  Container 

Design  pressure  of  each  of  the  vapor  containers  was  determined  on  the 
basis  of  the  Internal  pressure  development  in  the  vapor  container  after  a 
maximum  probable  accident,  which  assumes  rupture  of  the  primary  system 
during  conditions  of  the  plant. 

2. 6. 4  Secondary  Shielding 


Secondary  shielding  required  to  protect  plant  personnel  during  a 
maximum  credible  accident  is  equivalent  to  a  wall  thickness  of  about  7  ft  of 
ordinary  concrete.  Installation  of  a  7  ft  thick  concrete  wall  around  the  vapor 
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container  is  expensive  and  time  consuming.  A  less  expensive  and  easier 
way  to  obtain  the  required  secondary  shielding  consists  of  the  use  of  earth 
at  the  site  itself  either  in  contact  with*the  vapor  container  shell,  or  separated 
from  it  by  a  concrete  retainer  wall.  Use  of  an  exclusion  area  around  the 
vapor  container  to  reduce  the  required  thickness  of  the  secondary  shielding 
was  investigated.  It  was  found  that  such  an  exclusion  area  would  have  to  be 
prohibitively  large  to  gain  a  significant  reduction  in  secondary  shielding. 

2.  6.  5  Spent  Fuel  Handling 

Spent  fuel  storage  containers  considered  in  the  concepts  were  the 
rectangular  concrete  pit  and  the  cylindrical  steel  tank.  Transfer  of  spent  fuel 
to  the  spent  fuel  container  cap ‘be  accomplished  by  the  method  used  in  the  SM-1 
and  the  SM-1  A.  A  new  approach  whereby  spent  fuel  can  be  transferred 
horizontally  to  the  spent  fuel  pit  outside  the  vapor  container  has  the  advantage 
that  the  elevation  of  the  bottom  of  the  spent  fuel  pit  no  longer  must  be  located 
below  the  elevation  required  for  safe  storage  of  the  spent  fuel  elements.  Both 
methods  were  considered  in  the  vapor  container  concepts. 

2.  6.  6  Missile  Protection 

Potential  missiles  can  be  divided  into  self-propelled  and  jet-propelled 
missiles.  Large  vessels,  as  .the  reactor  vessel,  pressurizer  and  steam 
generator;  could  become  self-propelled  missiles  through  a  blowout  of  the 
vessel  wall.  However,  these  vessels  can  be  tied  down  sufficiently  to  prevent 
takeoff  of  the  vessel  when  such  a  blowout  occurs.  Calculations  were  made  of 
potential  jetTpropelled  missiles  to  determine  impact  velocities  of  jet- 
propelled  missiles  of  different  weights  (5  to  50  lbs),  and  propelled  by  steam 
issuing  from  different  sized  orifices.  Calculations  indicate  that  none  of  the 
missiles  considered  will  be  able  to  penetrate  the  vapor. container  shell  of 
the  selected  vapor  container  concept. 

2.  6.  7  Cost  Evaluation 

Cost  comparison  of  the  considered  vapor  container  concepts  indicates 
that  the  smallest  sphere  (26  ft  dia)  and  single  vertical  cylinder  (20  ft  dia) 
are  the  least  expensive  configurations.  The  multiple  vessel  concept  is  not 
economically  competitive  with  .the  single  vessel  concept.  Application  of  ' 
pressure  suppression  by  use  of  additional  equipment  is  not  advantageous  for 
the  SM-2  concept. 

2. 7  VERTICAL  STEAM  GENERATOR  AND  FEEDWATER  CONTROL  SYSTEM 

2.7.1  Summary 

The  compu^  model  and  potentiometer  settings  for  the  vertical  steam 
generator-te^st  model  have  been  developed  as  part  of  the  data  prediction  part 
of  the  test  program.  The  resulting  analog  runs  will  be  compared  with  the 


actual  test  data  to  prove  the  validity  of  the  analog  computation  techniques* used 
in  the  design  of  the  vertical  st^am  generator  for  SM-2. 

.  Calcufations  have  been  made  to  predict  circulation  instabilities  for 

different  positions  of  the  value  in  the  downcomer  pipe.  Comparison  of  these 
data  with  the  test  data  will  indicate  the  validity  of  the  circulation  stability 
criteria  developed  under  the  Horizontal  Steam  Generator  Analysis.program. 

t 

• 

•  *  After  completion  of  analog  runs  for  various  operating  conditions,  the 

^  prediction  of  moisture  separation  data  can  be  started.  The  prediction  of  test 

data  is  about  70  percent  complete. 

e  • 

2.  8  DEVELOPMENT  &  DESIGN  STUPES,  PRESSURIZER 

2. 8. 1  Summary 
• 

Comparisons  to  SM-1  plant  performance  had  indicated  that  the  computer 
model  previously  used  to  ‘determine  pressurizer  performance  and  select  the 
proper  size  was  significantly  in  error  in  treating  loss  of  load  transients 
because  it  failed  to  account  for  the  condensation  which  automatically  takes 
/  place  oh  the  vessel  wall  and  liquid  interface.  This  also  made  the  model 

incapable  of  evaluating  methods  of  augmenting  this  condensation. 

In  the  present  work,  the  most  appropriate  condensation  rates  that 
could  be  arrived  at  from  the  literature  were  selected,  and  the  analog 
computer  model  revised  and  greatly  augmented  to  incorporate  this  phenomenon. 
Using  this  model,  a  generalized  curve  was  derived  for  sizing  a  pressurizer 
for  the  SM-2  or  similar  PWR  plants. 

!  The  new  model  was  also  used  to  evaluate  some  new  design  concepts, 
one  of  which  appears  very  worthwhile  for  large  pressurizers,  or  wherever 
size  is  particularly  critical.  This  design  uses  a  standpipe  in  the  bottom 
of  the  pressurizer,  forming  an  extension  of  the  connecting  pipe,  to  bring  the 
insurge  of  primary  loop  water  directly  to  the  surface  of  the  liquid.  The 
results  showed  that  this  procedure  will  bring  this  relatively  cool  water  in 
contact  with  the  steam  just  as  effectively  as  sprays.  Both  the  standpipe  and 
the  sprays  (fed  from  loop  water)  can  produce  overquenching,  and  must  either 
be  pressure-regulated  or  have  an  adjustable  proportioning  device  which  can 
*  be  set  during  plant  startup. 

If  automatic  pressure -regulated  sprays  or  standpipe  are  provided,  the 
.  total  space  required  between  minimum  and  maximum  pressures  due  to 

positive  and  negative  load  transients  can  be  further  reduced  by  making  the 
target  steady  state  pressure  a  function  of  steam  generator  load,*  with  the 
no-load  approximately  100  psi  higher  than  the  full  load  pressure. 
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2. 9  FUEL  HANDLING 


2.9.1  Summary 


The  design  program  for  the  SM-2  fuel  handling  tools  was  started 
with  the  objective  of  designing  tools  that  were  functional,  light  in  weight,  *  ^ 
easily  handled,  foolproof  in  operation,  and  low  in  cost.  Tools  were  to  be 
designed  for  handling  the  core  components  during  the  core  loading  or 
re-fueling  procedure. 

For  handling  operations  that  are  repetitious  and  that  require  a  high 
degree  of  maneuverability,'  a  tool  with  a  telescoping  handle  operated  from 
one  level  would  be  most  practical.  It  was  decided  to  design  a  telescoping 
handle  for  use  with  removable  and  adaptors  to  handle  multiple  'core  components 
such  as  the  fuel  elements,  absorbers  and  control  rod  caps. 

A  telescoping  tool  handle  was  designed  utilizing  a  crank  operated  cable 
and  pulley  system  for  telescoping  two  tubes.  Another  cable. system  was  used 
to  operate  the  latch  mechanism  bn  the  end  adaptor.  End  ad^tors  were  pro¬ 
vided. for  handling  the  fuel  elements  and  absorbers  and  for  retrieving  dropped 
objects. 

This  concept  has  several  advantages  over  the  SM-1  type  of  fuel 
handling  tools.  The  telescoping  tool  does  not  require  any  counter-balance 
weights  because  the  tool  can  be  crane  supported  and  the  control  handles  can 
be  kept  at  one  operating  level.  The  crank-operated  telescoping  feature 
provides  the  operator  with  more  precise  control  of  the  tool. 

Data  supplied  by  the  cable  manufacturer  indicated  that  the  stretch  in 
the  latch  cable  might  be  too  great  for  adequate  operation  of  the  latch  mechanism. 

-  Another  telescoping  tool  handle  was  designed  with  a  tube  and'screw 
operated  latch  system  for  more  positive  operation.  This  too,  retains  the 
same  handling  techniques  and  advantages  as  the  original  concept.  End 
adaptors  were  designed  to  be  used  with  this  handle.  These  are  the  fuel 
element  tool  retrieving  tool,  and  the  control  rod  cap  tool. 

A  tool  is  required  to  lift  the  core  grid  plate  which  weighs  approximately 
300  pounds.  The  telescoping  handle  is  not  adequate  to  lift  this  plate,  so 
another  handle  was  designed  to  be  used  for  this  purpose.  An  interchangeable 
end  adaptor  was  designed  to  be  used  as  the  tool  for  attachment  to  the  grid 
plate. 

The  grid  plate  latches  are  operated  with  another  tool,  which  also  is  an 
interchangeable  adaptor  for  the  handle. 

These  seven  fuel  handling  tools  complete  the  list  of  tools  desired  for 
handling  the  SM-2  core  components. 
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2.10  SUPERHEATER 

T" 

2.10.1  Summary 
__  - 

The  superheat  cycle  with  moisture  separation  offers  the  greatest  over¬ 
all  advantage  of  all  cycles  studied.  The  advantages  of  the  siq)erheat  cycle 
using  600  psia  saturated  steain  are: 

1.  Increased  turbine  reliability  by  reduced  moisture  content  of 
the  s.team  during  steady  state  and  transient  load  conditions. 

2.  Smaller  steam  generator,  resulting  in  greater  ease  of  packaging. 

3.  Slight  decrease  in  steam  storage  time  lag  in  the  turbine  during 
load  transient. 

4..  Lower'capital  cost. 

The  disadvantage  of  the  superheat  cycle,  compared  to  the  600  psia 
saturated  steam  cycle,  i^  its  lower  cycle  efficiency,  resulting  in  slightly 
-increased  fuel  costs. 

The  advantages  of  the  superheat  cycle  with  external  and  initial  moisture 
separation  outweigh  the  disadvantages.  Therefore,  this  cycle  is  the  final 
recommendation  for  the  SM-2  final  design. 

2. 10. 2  Thermal  Cycle  Efficiency 

The  reheat  cycle  with  reheat  provided  by  the  steam  generator  results 
in  a  2  percent  increase  in -efficiency  over  the  saturated  steam  cycle  at  600 
psia.  The  cycle  with  saturated  steam  at  600  psia  and  moisture  separation 
.shows  an  increase  of  0.8  percent  over  the  reference  cycle.  The  cycle  with 
auperheat  and  moisture  separation  indicates  an  increase  of  0. 77  percent 
over  the  reference  cycle.  Tire  use  of  superheat  alone  sho'vs  no  increase 
over  the  reference  c^le.  .  The  moisture  separation  menti-ned  above 
involves  both  external  and  internal  moisture  separation.  The  internal  re¬ 
heat  cycle  is  the  most  efficient  cycle  at  20. 95  percent  efficiency. 

2.10.3  Reliability 

The  turbine  exhaust  stekm  of  the  reference  cycle  with  saturated  steam 
at  600 .psia  can  be  reduced  in  moisture  content  by  11  percent  with  the  use  of 
reheat  and  by  5  percent  with  the  use  of  superheat  and  moisture  separation 
combined.  These  considerable  reductions  in  moisure  content  will  result  in 
a  considerable  reduction  in  turbine  blade  erosion,  which  lowers  turbine  lifetime. 
Since  the  internal  reheat  cycle  shows  the«greatedt  reduction  in  moisture 
content  of  the  steam,  this  cycle  offers  the  greatest  reliabilify. 
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2. 10. 4  Ease  of  Packagthg 


*  The  steam  gnerator  for  the  superheat  cycle  offers  the  greatest 
advantage  with  respect  to  ease  of  packaging  as  indicated  by  the  following 
comparison  of  overall  steam  generator  dimensions: 


ID 

Length 

600  psia  saturated 

52  in. 

22  ft  6  in. 

Superheat 

•  49  in. 

21  ft  6  in. 

Reheat 

54  in. 

23  ft  6  in. 

The  turbine  generator  for  the  superheat  cycle  also  offers  the  greatest 
advantage  with  respect  to  ease  of  packaging  since  it  is  3  ft  shorter  than  the 
unit  for  saturated  steam  at  600  psia  and  5  ft  shorter  than  the  reheat  unit. 

2. 10.  5  Transient  Response 


The  fo4owing  tabulation  summarizes  data  from  analog  runs  on  the 
frequency  transient  response  problem. 


SUMMARY  OF  DATA  FROM  ANALOG  RUNS 


Turn  speed  controller  with  integral  and  proportional  gain  of  15  and 
40  respectively. 


Max.  Frequency 
Deviation  (%) 

Time  to  Return 
Within  Specifications 
(sec) 

Frequency  Specifications 

0.83 

1.5 

A. 

Straight  turbine  without 
feedwater  heaters 

0.  82 

0.9 

B. 

Turbine  with  feedwater  heaters 
(min  steam  vol) 

1.08 

1.0 

C. 

SM-2  design 

♦ 

1.13 

3.5 

D. 

SM-2  design  with  moisture 
separation 

1.20 

3.6 

E. 

SM-2  design  with  moisture 
separation  and  reheat 

1.40 

16.0 

• 

Turbine  speed  controller  with  integ^ral,  proportional  and  derivative 
gain  of  15,  40  and  15  respectively. 


Max.  Frequency  Time  t9  Return 
Deviation  (%)  Within  Specifications 
_  *  (seq) 


c. 

SM-2  design 

• 

0.69 

1.3 

D. 

SM-2  design  with  moisture 

separation 

0.  75 

1.3 

E. 

SM-2  design  and  moisture 
separation  and  reheat 

0. 99 

2.0 

A  13-  stage  Worthington  steam  turbine  rated  at  7500  K  was  used  as 
the  source  of  data  for  these  analog  runs.  The  gains  shown  above  for  the 
turbine  speed  controller  in  run  1  are  based  on  a  conventional  droop  governor 
with  reset  action.  The  gains  for  run  No.  2  would  require  a  special  governor 
with  fast  action  similar  to  electronic  controllers. 

In  the  first  run  only  the  straight  turbine  with  no  feedwater  heaters 
meets  the  required  specifications.  Any  additional  equipment  in  the  plant 
cycle  caused  both  the  maximum  deviation  and  time  to  return  to  exceed  the 
specification  limits.  In  the  second  run  the  transient  response  specifications 
were  met  with  the  cycle  with  saturated  steam  at  600  psia  and  external  and 
internal  moisture  separation.  The  superheat  cycle  with  moisture  separation 
would  show  a  slightly  better  transient  response  since  the  time  lag  due  to 
steam  storage  is  inversely  proportional  to  the  specific  volume  of  the  steam. 
The  specific  volume  of  the  steam  of  the  superheat  cycle  is  approximately 
25  percent  less  than  for  the  cycle  with  saturated  steam  at  600  psia.  The 
reheat  cycle  presents  the  greatest  problem  in  steam  storage  time  lag  and 
therefore  would  be  the  least  desirable  from  the  transient  response  stand¬ 
point. 


2. 10.  6  Economics 


The  manufacturer's  selling  price  of  the  steam  generator  design  with 
superheat  is  $7, 000  less  than  the  steam  generator  design  for  saturated 
steam  at  600  psia.  Plant  operating  cost  with  the  superheat  design  will 
increase  slightly  because  of  the  reduced  thermal  cycle  efficiency  and  resulting 
lower  electrical  output.  From  the  SM-2  economic  evaluation  in  APAE  Memo 
No.  224”^^,  the  increase  in  fuel  costs  for  a  reduction  in  electrical  ou4)ut 
would  be  0. 020  mils  per  kw  hr  or  $1, 316  annually.  The  reheat  unit  would  cost 
approximately  $260, 000  more  than  the 'superheat  unit,  but  most  of  this  could 
be  offset  by  decreased  fue4  costs. 


2.11  INSTRUMENT  STUDY 


2.11.1  Summary 

2.11.1.1  Requirements 


An  instrumentation  study  was  made  to  derive  information  for  use  in 
the  design  of  the  instrutnentation  and  control  system  for  the  SM-2  plant.  The 
requirements  of  this  study  were  as  follows. 

1«  To  determine  if  an  instrumentation  and  control  system  can  be 
designed  and  provided  which  will  afford  100  percent  reliability  of 
’  instruments  and  100  percent  reliability  of  plant  output. 

2.  To  study  past  operating  experience  to  determine  which  plant 
parameters  should  be  instrumented,  how  they  should  be  instrumented, 
and  what  type  of  readout  should  be  provided. 

3.  To  investigate  the  feasibility  of  using  data  logging  methods  such  as 
magnetic  tapes  with  digital  or  analog  readout. 

4.  By  using  information  obtained  in  the  study  to  evolve  a  control 
philosophy  which  will  make  the  best  use  of  a  centralized  control 
system  and  increase  plant  efficiency. 

2.11.1.2  Approval 

Several  steps  were  taken  to  meet  the  requirements  of  the  instrumentation 
study.  A  study  was  made  of  SM-1  instrumentation.  The  men  who  had  spent 
time  operating  the  SM-1  plant  were  interviewed;  a  search  was  made  of  the 
operating  reports  submitted  on  SM-1.  The  designs  of  the  instrumentation  and 
control  systems  for  the  SM-1  A  and  the  PM -2 A  were  reviewed  to  determine  if 
and  where  weak  points  existed  in  the  circuitry  or  design  that  would  affect 
reliability.  A  literature  search  was  made  to  be  sure  the  most  recent  develop¬ 
ments  were  used.  Conferences  were  held  with  a  total  of  twelve  vendors  in 
the  field  of  instrumentation  and  control  to  determine  the  availability  of 
systems  using  static  and  solid  state  components. 

2.11.1.3  Conclusions 


An  instrumentation  and  control  system  can  be  designed  and  supplied 
that  is  90  percent  reliable.  By  use  of  such  means  as  coincident  circuitry  and 
redundant  instrument  channels,  a  design  could  be  devised  that  would  approach 
100  percent  availability. 

To  insure  the  reliability  of  the  system,  solid  state  components  would  be 
used  as  far  as  possible.  Only  the  primary  sensing  elements  and  the  final 
readout  and  control  instruments  would.have  any  moving  parts. 


Previous  control  room  designs  have  over-emphasized  the  reactor 
instrumentation  and  control.  Pressurized  water  reactors  are  inherently 
stable  and  need  not  be  monitored  constantly.  The  main  product  of  any 
power  plant  is  electricity.  Consequently,  it  is  felt  that  a  shift  in  emphasis 
is  desirable  in  regard  to  which  parameters  should  be  considered  of  prime 
importance  when  designing  the  console  layout,  por  example,  parameters 
such  as  reactor  output  and  neutron  flux  wpuld  bd  considered  of  greater 
importance  during  normal  operation  than  rod  position  indicators  and  would 
be  positioned  in  the  console  layout  to  effect  this  degree  of  importance. 
Secondary  system  variables  of  major  importance  are  items  such  as  KW 
output,  voltage,  frequency,  main  steam  pressure,  and  they  should  also  be 
positioned  according  to  importance. 

A  system  of  interchangeable  plug-in  recorders  and  indicators  is 
desirable  for  situations  in  which  a  variable  must  be.  continuously  monitored 
for  a  certain  period.  Trend  recorders  located  at  the  console  corners  could 
also  be  used.  Certain  variables  indicated  at  the  console  could  then  be 
switched  to  read  out  on  the  trend  recorders  if  desired. 

Studies  indicate  that  data  logging  methods  would  not  be  feasible  for 
use  in  an  installation  such  as  SM-2.  Equipment  is  available  which  would 
do  the  job.  However,  there  are  several  drawbacks: 

1.  The  equipmentis  quite  costly. 

2.  Reliability  and  availability  would  be  adversely  affected  due  to 
the  complexity  of  the  system  and  the  fragile  nature  of  some  of 
its  component. 

3.  Additional  personnel  would  be  required;  these  must  be  highly 
trained  computer  men. 


3. 0  PHASE  n  DESIGN  ANALYSIS 


,3.1  PRIMARY  SYSTEM  ’  • 

s 

The  design  analysis  for  the  primary' system  is  described  in  detail  in 
]?art  n  of.  this  volume.  •  •  . 

3 . 2  SECONDARY  SYSTEM 

The  design  analysis  for  the  secondary  system  is  described  in  detail 
in  volumes  3  and  4  of  this  report. 


4. 0  CONCEPTUAL  DESIGN  OF  SM-2  12000  eKW  POWER  COMPLEX^^^ 

4. 1  SUMMARY 

The  conceptual  design  describes  a  feasible  plant  capable  of  meeting 
the  stringent  requirements  of  operation  and  control  necessary  for  Nlke- 
Zeus  application*^ 

The  basic  plant  consists  of  two  SM-2  28  tMW  pressurized  light  water 
reactot  systems#  These  have  stainless  steel  clad  plate-type  fuel  elements 
and  vertical  steam  generators  (designed  and  developed  under  AEG  Contract 
AT-(30-3)-326  and  ERDL  Contract  DA-44-192-ENG-7, )  in  conjunction 
.with  five  4000  eKW  steam  turbine-generators.  In  addition  to  the  basic  plant, 
three  oil-fired  boilers  are  provided  as  standby  sources  of  energy.  Continuity 
of  power  generation  during  chage  over  from  reactors  to  standby  power  is 
achieved  by  supplying  the  turbines  with  steam  from  accumiUators  for  the 
estimated  3  min  required  to  bring  stand-by  boilers  to  full  steam  flow. 

Normal  operation  of  the  power  complex  is  with  four  steam  turbines 
operating  at  75  percent  of  full  rated  load  and  steapi  supplied  by  the  two 
reactor  systems.  Upon  failure  of  any  operating  turbine,  the  full  load  demand 
can  be  supplied  by  the  remaining  turbines.  The  fifth  turbine  would  then 
be  put  on  the  line  and  each  of  the  four  operating  turbines  would  return  to 
their  75  percent  rated  load  operating  condition  to  produce  full  plant  load. 

During  refueling  of  a  reactor  Or  any  unscheduled  outage  of  a  reactor 
system,  the  accumulators  will  supply  steam  until  two  boilers  assume  the 
steam  demand. 

In  the  light  of  a  recent  Alco  study  of  a  single  turbine  generator  coitrol, 
which  included  manufacturers'  consultations,  it  is  felt  that  a  program 
consisting  of  a  detailed  simulation  of  the  multiple  turbine  generator  controls 
will  indicate  that  the  SM-2  12000  eKW  Power  Complex  design  can  meet  power 
quality  requirements  for  the  Nike-Zeus  application. 

This  program  will  be  conducted  simultaneously  with  the  final  design 
and  will  dictate  the  necessary  plant  modifications,  if  any,  to  achieve  the 
necessary  power  quality. 

The  design  has  in  it  many  features  deemed  necessary  to  meet  extremely 
high  reliability  and  availability  of  the  plant  and  its  components.  The  major 
features  added  are; 

■  1.  Systems  have  been  designed  to  produce  the  12, 000  eKW  site 

requirement  and  the  estimated  2000  eKW  plant  load  in  such  manner 
that  the  reactor  will  operate  at  approximately  26  tMW  rather  than 
the  core  design  load  of  28  tMW. 


2.  Our  experience  over  the  past  years  w|th  instrumentation  has  been, 
included  so  as  to  provide  a  high  degree  of  reliability  as  is  available. 

3.  The  23  degree  superheat  in  the  steam  generated  by  the  nuclear  system 
steam  generators  in  conjunction  with  external  inter-stage  moisture 
separation  for  turbines  adds  considerably  higher  reliability  and 
increased  life  to  the  turbine. 

4.  The  use  of  headered  steam  systems  adds  flexibility  in  operation, 
isolation  of  turbine  units,  and  dampens  hunting  of  slightly  mi- 
matched  units. 

5.  .  Generally  every  two  operating  pumps  have  one  stand-by  unit  inter¬ 

locked  with  either  of  them  to  produce  uninterrupted  operation. 

6.  Multiple  turbine  arrangement  produces  an  extremely  flexible 
and  reliable  system. 

7.  The  double-bus  electrical  system  prevents  failures  of  the  complete 
plant  caused  by  improper  operation  of  any  sijngle  circuit -breaker 
upon  failure  of  a  generator. 

8.  Control  of  the  hot  stand-by  boilers'  is  arranged  tp  fire  main 
burners  upon  alarms  of  various  safety  and  operating  sensing 
devices  rather  than  by  actual  scram  signal  to  minimize  time  to 
reach  full  steaming  required  for  asssurnption  of  load. 

9.  Necessary  radiation  deflection  equipment  is  provided  to  prevent 
over-exposure  to  personnel. 

10.  By-passes  around  various  items  are  provided  to  permit  isolation 
for  maintenance  during  operation. 

11.  A  decontamination  system  is  provided  to  permit  decreased 
maintenance  time  over  the  life  time  of  the  plant. 

12.  The  steam  generator  is  designed  to  meet  design  conditions  with 
5  percent  of  tubes  plugged. 

13.  Steam  generator  tube  material  type  304  SS  is  used,  with  which 
we  have  had  the  most  successful  experience  in  fabrication  and 
operation  for  nuclear  operation. 

14.  The  nuclear  system  steam  generator  shell  and  tube  bundle  is 
removable  without  breaking  or  cutting  the  primary  piping  system. 


.  Control  of  the  plant  is  achieved  through  a'single  control  console. 

Motor  starters  are  mounted  on  the  preassembled  skids  with  remote  controls 
at  the  console.  Automatic  interlocking  upon  failure  of  pumps  is  used  to 
start-up  the  stand-by  units.  All  indications  and  controls  for  normal  operation 
at  the  console  are  located  at  that  point. 

Solid  state  instrumentation  is  used  wherever  possible  for  reliability. 

Preassembly  of  components  is  included  in  the  design.  At  present, 

58  modules  or  separate  components  are  anticipated.  Maximum  height  and 
weight  of  any  one  component  is  13  ft  3  in.  high  and  115, 000  lb.  The  maximum 
applies  to  a  primary  system  skid.  • 

A  present  estimate  of  the  required  operating  crew  is  one  plant 
superintendent,  four  shift  supervisors,  four  instrilment -operators,  four 
mechanical  technicians,  two  maintenance  men  and  one  process  control  man. 
This  totals  16  men  for  3 -shift,  full  week  coverage.  ‘ 

• 

The  fuel  requirement  for  the  plant  will  be  two  reactor  cores  per  year 
and  approximately  657, 000  gal  of  diesel  oil,  based  on  400  hr  of  boiler  operation 
and  8360  hr  of  standby  boiler  operation. 
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1. 0  SM-2  PLANT  DESIGN,  GENERAL 


1. 1  INTRODUCTION 


This  section  covers  the  primary  system  design  as  associated  with  a 
6000  or  12, 000  eKW  secondary  system.  In  general,  the  primary  reactor 
system  and  auxiliary  equipment  is  designed  to  be  compatible  with  either 
a  6000  or  12,000  eKW  secondary  system,  the  difference  being  that  the  6000 
eKW  utilizes  a  single  28  tM  W  reactor  and  the  12, 000  eKW  utilizes  two  28 
tMW  reactors.  In  either  case  the  primary  system  design  is  identical  for 
both  plants  except  for  some  physical  arrangement  differences  in  the  chem¬ 
istry  laboratories,  demineralizer  room  and  waste  disposal  systems. 

The  6000  eKW  plant  design  is  based  on  the  plant  arrangement  shown 
in  APAE  No.  40,  Vol.  the  12,000  eKW  plant  design  is  based  on  the 
Conceptual  Design  of  the  SM-2  12, 000  eKW  Power  Complex. 

The  work  performed  under  P^ses  I  ^d  n  followed  the  major  design 
criteria  as  required  in  Volumes  li^)  and  of  APAE  No.  40  covering  the 
preliminary  design  study  of  the  SM-2  PWR  Steam  Electric  Station. 

The  main  objective  of  the  SM-2  program  was  the  development  of  a 
PWR  steam  electric  station  capable  of  operating  as  a  base  load  unit  pro¬ 
ducing  prime  electrical  power  for  all  facilities  comprising  a  Nike- Zeus 
acquisition  radar  installation^  As  failure  of  the  plant  would  obviously  be 
detrimental  to  the  Nike-Zeus  system,  an  extremely  high  degree  of  relia¬ 
bility  had  to  be  designed  into  the  SM-2  plant. 

In  addition  to  the  high  degree  of  reliability  required  for  the  plant, 
the  application  of  the  SM-2  plant  demanded  that  the  power  be  generated 
with  extremely  small  deviations  in  voltage  and  frequency.  Discussions 
with  steam  generator  manufacturers  indicated  that  such  stringent  power 
quality  requirements  have  never  before  been  requested  in  any  power  plant. 
In  addition,  the  SM-2  was  designed  to  produce  sufficient  power  to  meet  site 
requirements. 

1.  2  DESIGN  CRITERIA 

1.  2. 1  Reliability 

The  prime  objective  of  the  SM-2  plant  was  to  produce  quality  electric 
power;  therefore  only  proven  and  tested  equipment  was  to  be  incorporated 
into  the  design.  The  generator  should  be  capable  of  delivering  continuous 
rated  loads  and  the  electrical  characteristics  should  be  such  that  at  any 
load  from  zero  to  100  percent  of  rated  load,  the  voltage  fluctuations  should 
remain  within  plus  or  minus  1  percent  of  the  rated  416U  v  and  frequency 


fluctuations  within  plus  or  minus  1/4  percent  of  the  nominal  60  cps. 

Upon  any  sudden  application  or  reduction  of  25  percent  of  rated  load, 
the  minimum  frequency  deviation  from  normal  (as  determined  by  oscillograph) 
should  not  exceed  1/2  cps.  In  addition,  the  frequency  should  return  to  and 
remain  with  the  final  steady  state  band  by  not  more  than  1-1/2  sec  following 
the  application  or  removal  of  load. 

For  a  sudden  load  increase  or  decrease  of  25  percent  of  the  rated 
load,  the  voltage  should  not  deviate  more  than*5  percent  at  the  main  power 
bus,  and  shall  return  to  steady  state  tolerances  within  1/2  sec. 

1.2.2  Operation 


The  equipment  is  designed  for  reliable  continuous  operation  with  mini¬ 
mum  personnel  requirements  (estimated). 

6000  eKW  Power  Plant 


One  operator  per  shift 

One  equipment  engineer  per  shift 

One  maintenance  man  (day  shift-on  call) 

One  instrument  repair  man  (day  shift-on  call) 
One  process  control  man  (day  shift-on  call) 
One  superintendent 

12,000  eKW  Power  Plant 

Four  shift  supervisors 

Four  instrument  operators 

Four  mechanical  technicians 

Two  maintenance  men  (day  shift-on  call) 

One  process  control  man 
One  superintendent 

1. 2. 3  Maintenance 


Accessibility  to  all  pieces  of  equipment  that  require  repair  and  replace¬ 
ment  is  to  be  provided.  Storage  facilities  and  work  areas  are  included  in 
building  arrangements. 

1. 2. 4  Packaging 


The  overall  packaging  design  for  the  SM-2  offers  definite  advantages 
for  the  plant.  It  will: 

1.  Reduce  overall  installation  cost 
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2.  Permit  pre-testing 

3.  Beduce  overall  erection  time 

4.  Minimize  the  number  of  shipping  packages 

5.  Allow  for  dismantling  and  relocation  of  equipment 
after  a  period  of  operation 

6.  Allow  for  some  standardization  if  multiple  units 
are  considered 

The  plant  will  utilize  approximately  nineteen  skids  in  the  primary  and 
secondary  buildings.  Shipping  criteria  are  based  on  rail  and  truck  limitations. 
Standard  allowable  skid  sizes  are  10  ft-8  in.wide  by  10  ft-11  in.high  by  32  ft-0  in. 
long^;  weight  limitations  are  66,000  lb  per  skid.  In  some  cases  where*  the  limi¬ 
tations  are  exceeded,  as  the  primary  system  skid,  special  shipment  will  be  re¬ 
quired.  . 

The  skids  will  be  assembled  in  a  centralized  fabricator's  shop,  and  the 
modules  will  be  interconnected  at  the  erection  site. 

1.  2.  5  Site  Conditions 

'  For  the  purpose  of  this  work,  the  plant  site  has  been  assumed  to  be  in 
the  vicinity  of  Bismarck,  North  Dakota.  Environmental  conditions  affecting 
plant  design  and  construction  are: 

1.  Altitude:  1650  ft  above  sea  level 

2.  Temperature:  Winter  -  high  21°F,  average  10°F 

Summer  -  high  99°F,  average  79®F 

3.  Wind  loadings  are  assumed  to  be  20  Ibs/ft^of  projected 
area. 

4.  Soil  bearing  value  is  dependent  upon  local  site  material, 
but  is  assumed  to  be  4000  Ibs/ft  . 

5.  Seasonal  firost  is  normally  6  ft. 

6.  Hailroad  and  highway  facilities  are  available  at  the  site. 

7.  Labor  in  all  classifications  is  available  locally  and  no 
construction  camp  is  required. 


8.  The  cooling  water  for  condensers  is  assumed  to  be  lake 

*  water.  The  normal  water  level  is  25  ft  below  maximum 

condenser  height. 

9.  Construction  crane  facilities  will  be  available. 

10.  Mobile  crane  will  be  available  for  removal  of  steam  gen¬ 
erator  shell  and  :i>undle  from  vapor  container  as  well  as 
*  spent  fuel  cask  from  spent  fuel  pit. 

1. 3  OPERATING  CONDITIONS  ^ 


Primary  System 


Operating  pressure,  psia 

2000 

Reactor  temperature 

Inlet  OF 

502.7 

Outlet  Op 

527.7 

Flow  quantity,  Ibs/hr 

3.05  X  10 

Thermal  output  tMW 

26.4 

Blowdown 

Average  Ibs/hr 

465 

Maximum  Ibs/hr 

930 

Seal  leakage,  Ibs/hr,  approx. 

50 

Makeup 

Temperature  Op,  (approx.) 

100 

Flow,  gpm 

0-5 

Secondary  System 

Operating  pressure,  psia 

480 

Operating  temperature,  op 

486 

Feedwater  inlet  temperature,  *^F 

339.3 

Flow  (from  steam  generator)  Ibs/hr 

99. 062 

Electrical  output,  gross  KW 

7511 

Blowdown,  Ibs/hr 

310 

1.4  ELECTRICAL  REQUIREMENTS 

1. 4. 1  Plant  ^ 


Under  the  original  concept  of  the  SM-2  plant,  the  net  electrical  out¬ 
put  required  is  6  MW  of  electrical  power.  This  output,  added  to  the  plant 
auxiliary  load  of  approximately  750  KW,  totals  6750  KW.  To  provide  this 
output,  the  plant  design  calls  for  a  7500  KW  turbine -driven  generator  oper¬ 
ating  at  4160  volts  3  phase  60  cycles,  with  steam  supplied  by  the  steam 
generator  used  with  a  single  28  tMW  reactor. 
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The  generator  output  is  fed  to  a  4160  volt  station  bus  to  which  are 
connected  two  1000  KVA  station  service  transofrmers  and  two  4160  volt 
distribution  feeders.  The  two  1000  KVA  transformers  will  relay  each 
other  in  case  of  failure  and  thus  insure  continuity  of  service. 

The  power  requirements  of  the  SM-2  Complex  m  plant  are  a  net 
ou^ut  of  12  MW  of  electrical  power.  To  provide  this  capacity,  two  SM>2 
28  tMW  reactors  are  provided  operating  in  parallel  to  drive  four  turbine- 
driven  electric  generators.  These  generators  are  rated  5000  KVA,  4160 
volts,  3  phase,  60  cycles.  The  total  generator  capacity  needed  with  net 
output  requirements  of  12  MW  and  an  auxiliary  load  of  1500  KW,  is  13, 500 
KW.  With  four  generators  operating,  each  will  be  partially  loaded.  In  the 
event  of  emergency  shutdown  of  one  generator,  the  three  remaining  gener¬ 
ators  will  have  sufficient  capacity  to  carry  the  load.  To  further  insure 
continuity  of  service,  a  fifth  generator  is  provided  for  cold  reserve. 

These  generators  are  connected  to  a  double  bus  switching  scheme 
which  feeds  duplicate  station  service  transformers  and  two  4160  volt  feeders. 
Either  of  the  two  station  service  transformers  is  capable  of  carrying  the 
full  station  auxiliary  load  in  the  event  of  failure  of  the  other.  The  double  bus 
scheme  minimizes  the  chance  of  station  outage  due  to  equipment  failure  or  a 
bus  fault. 

1. 4.  2  Transient  Response 

A  transient  analysis  of  a  pressurized  water  reactor  electrical  power 
plant  was  required  because  of  stringent  voltage  and  frequency  specifications 
called  out  in  Bell  Telephone  Laboratories  Report  G712071,  issued  December 
1,  1958.  These  specifications  are  more  stringent  than  those  on  any  known 
power  plant  of  this  size,  nuclear  or  fossil  fuel  fired. 

A.  Voltage  Specifications 

At  any  steady  state  load  from  zero  to  100  percent  of  rated  load, 
voltage  fluctuation  will  remain  within  plus  or  minus  1  percent 
of  the  rated  4160  volts.  For  a  sudden  load  increase  or  decrease 
of  25  percent  of  the  rated  load,  the  voltage  shall  not  deviate  ‘ 
more  than  5  percent  at  the  main  power  bus,  and  shall  return  to 
steady  state  tolerance  within  1/2  sec. 

B.  Frequency  Specifications 

At  any  steady  state  load  from  zero  to  100  percent  of  rated  load, 
the  frequency  fluctuations  will  remain  within  plus  or  minus  1/4 
percent  of  the  nominal  60  cps. 

Upon  any  sudden  application  or  removal  of  25  percent  of  the  rated 


load,  the  maximum  frequency  deviation  from  normal  shall 
liot  exceed  1/2  cps  (0. 83  percent).  In  addition,  the  frequency 
shall  return  to  and  remain  within  the  final  steady  state  band 
in  not  more  than  1-1/2  sec  following  the  application  or  re¬ 
moval  of  the  load. 

Electrical  analogs  were  derived  for  the  various  systems  comprising 
the  plant.  An  electrical  analog  of  a  system  consists  of  electronic  ampli¬ 
fiers,  passive  elements  such  as  resistors  and  capacitors,  and  non-linear 
devices,  such  as  diodes  and  function  generators.  These  electrical  ele¬ 
ments  are  connected  together  in  such  a  way  that  voltages  and/or  currents 
replace  the  actual  quantities  of  temperature,  flow,  pressure,  etc. ,  and 
behave  in  a  manner  similar  to  the  quantities  being  simulated. 

The  success  of  the  system  studies  in  meeting  the  specified  perform¬ 
ance  was  found  to  be  primarily  a  function  of  the  voltage  and  the  speed  con¬ 
trollers. 

An  exciter  response  ratio  of  approximately  1. 0  is  required  to  meet 
the  voltage  specification.  Since  the  voltage  response  depends  on  the  gener¬ 
ator  type  as  well  as  the  exciter  system,  an  exact  value  of  exciter  response 
ratio  is  not  specified.  Exciter  systems  with  response  ratios  of  1. 0  are 
available  on  special  order. 

Isochronous  type  and  proportional  plus  reset  type  speed  controllers 
were  found  to  satisfy  the  frequency  specification.  Analysis  indicates  that 
an  isochronous  speed  controller  is  preferred.  To  obtain  stable  control 
with  an  isochronous  speed  controller,  steam  admission  actuation  lags  must 
be  held  to  a  minimum.  A  proportional  plus  reset  controller  which  meets 
the  specifications  with  higher  steam  admission  lags  is  available  but  is  not 
a  stock  item. 

Voltage  control  analysis  can  be  executed  with  a  higher  degree  of  ac¬ 
curacy  than  can  the  speed  control  analysis.  Test  date  should  be  obtained 
on  the  steam  pipe  and  steam  chest  to  validate  the  assumptions  made  for 
these  effects  on  the  speed  control  response.  Preparations  for  these  tests 
at  SNT-l  are  now  in  progress. 

Elimination  of  feedwater  input  to  the  steam  generator  analytical  model 
shows  that  the  feedwater  system  has  no  effect  on  the  ability  of  the  plant  to 
satisfy  the  voltage  or  frequency  specifications. 

The  specifications  should  not  define  a  particular  type  of  voltage  or 
frequency  control  nor  the  control  system  parameters.  This  is  because  of 
turbine  and  generator  design  differences  which  affect  the  transient  response. 
Manufacturers  employ  different  methods  to  obtain  the  required  voltage  and 
frequency  control,  and  advantage  should  be  taken  of  these  different  methods. 


A  transient  study  of  the  systems  proposed  by  vendors  should  be  a  required 
part  of  the  vendor's  proposal. 

1.  5  HAZARD  REQUIREMENTS 


Plant  personnel  and  surroundings  of  the  plant  must  be  protected 
against  harmful  radiation  emanating  from  the  radioactive  .materials  present 
in  the  plant,  both  during  normal  operation  of  the  plant  and  during  the  maxi¬ 
mum  credible  accident.  Fission  products  accidentally  released  from  the 
reactor  system  are  to  be  contained  in  a  vapor  container,  which  will  prevent 
the  dispersion  of  activated  materials  into  the  countryside.  The  secondary 
shielding  is  to  be  designed  to  maintain  the  desired  dose  rates  outside  the 
shielding  during  the  maximum  credible  accident. 

The  maximum  credible  accident  consists  of  the  simultaneous  rupture 
of  primary  and  secondary  system  within  the  vapor  container  and  instantaneous 
release  of  the  primary  coolant  and  fluids  contained  in  the  steam  generator. 

This  rupture  is  assumed  to  occur  during  idling  conditions  of  the  plant,  when 
the  temperature  of  the  fluids  in  the  secondary  system  is  equal  to  the  average 
temperature  of  the  primary  system  water.  As  a  result  of  the  ejqposure  of 
the  reactor  core,  meltdown  of  the  core  will  occur  and  fission  products  will 
be  released  into  the  vapor  container  in  the  form  of  a  cloud.  The  vapor  con¬ 
tainer  is  to  be  designed  to  contain  the  released  fluids  and  fission  products 
for  an  indefinite  time  period  after  the  occurrence  of  the  maximum  credible 
accident. 

The  secondary  shield  is  to  be  designed  to  permit  no  more  than  10  per¬ 
cent  of  laboratory  tolerance,  0. 75  mr/hr,  exterior  to  the  vapor  container 
shield  during  normal  full  power  operation.  During  the  maximum  credible 
accident,  the  secondary  shielding  shall  be  sufficient  to  limit  the  dose  rate  to 
7.  5  mr/hr  outside  a  specified  exclusion  area.  This  exclusion  area  shall  be 
such  that  there  will  be  free  access  to  the  remainder  of  the  power  complex. 

1.  6  FOUNDATION  AND  STRUCTURES 

The  detail  foundation  design  depends  upon  the  character  of  the  soil  and 
its  bearing  value  as  determined  by  analysis  of  test  borings  made  at  the  build- 
ii^  site. 

The  foundation  requirements  of  the  structures  follow  conventional  power 
plant  loadings  and  conditions.  A  conservative  approach  has  been  made  to  mini¬ 
mize  construction  costs  and  time. 

The  structures  follow  the  present  concept  of  industrial  building  design 
for  functional  simplicity  and  ease  of  fabrication,  erection  and  maintenance. 

No  architectural  decoration  has  been  used.  Grading  is  functional,  and  will 
provide  both  easy  surface  water  drainage  and  earth  shielding.  Seismic  forces 
have  been  evaluated  in  the  preparation  of  the  design. 


1. 7  REACTOR  DESIGN 

The  SM-2  reactor  is  a  pressurized  water  type  with  a  thermal  output 
of  28  MW.  It  is  designed  to  operate  at  2000  psia  with  approximate  inlet 
and  outlet  water  temperatures  at  SOO^F  and  532<’F  respectively  and  a  cool¬ 
ant  flow  of  7800  gpm  of  light  water.  The  flow  is  three -pass,  with  two  passes 
upward  through  the  core.  The  first  pass  is  through  the  24  peripheral  fuel 
elements.  The  second  is  through  the  14  Central  elements  and  7  control  rods. 
An  intermediate  pass  is  made  downward  through  the  reflector  and  thermal 
shield. 

The  cylindrical  vessel,  made  of  type  304  ss,  stands  about  14  ft  high, 
has  an  ID  of  41  in.and  a  wall  thickness  of  4-1/2  in.at  the  core  position:  It 
has  a  2-7/8  in..thick  hemispherical  bottom  head  and  a  bolted  top  cover.  The 
inlet  and  outlet  nozzles,  below  and  above  the  core  region  respectively,  are 
of  11-1/2  in.ID  and  18-1/8  in.and  17-1/2  in.OD.  Penetration  is  also  made 
in  the  vessel,  below  the  core  region  for  entrance  of  the  7  control  rod  drives. 
The  internals  of  the  vessel  (core  support,  flow  dividers,  and  the  like)  are 
of  type  304  ss. 

The  reactor  core  is  made  up  of  45  cells  in  a  7  by  7  array  with  corners 
removed.  The  7  control  rod  elements  contain  16  fuel  plates,  composed  of 
EuoOo  dispersed  in  a  stainless  steel  matrix.  The  38  fuel  elements  have  18 
fuel  plates,  of  highly  enriched  UO2  with  dispersed  ZrB2  as  burnable  poison. 
The  plates  are  clad  with  type  347  ss. 

1.  8  REACTOR  THERMAL  AND  HYDRAULIC  DATA 


Reactor  thermal  power 

MW 

28 

Reactor  power  density 

W/cc 

200 

Operating  pressure 

psia 

2, 000 

Coolant  inlet  temperature 

Op 

500.5 

Coolant  outlet'temperature 

Op 

525.  5 

Total  mass  flow 

Ibs/hr 

2.  7  X  10° 

Total  volume’ flow 

gpm 

7,800 

Number  of  passes  through  reactor 

A 

2 

Flow  area  in  first  pass 

ft2 

0. 106 

Flow  area  in  second  pass 

ft2 

0. 83 

Coolant  second  pass  velocity 

fps  (area  0. 04  ft  ^  15.  5  element 

(area  0. 0353  ft^)  17. 5cont.  rod 

Fraction  of  power  in  first  pass 

0.4048 

Fraction  of  power  in  second  pass 

0.  5952 

Heat  transfer  surface,  start  of  life 

ft2 

600 

Heat  transfer  surface,  end  of  life 

ft2 

732 

Average  heat  flux,  start  of  life 

Btu/hr-ft2 

165,000 

Average  heat  flux,  end  of  life 

Btu/hr-ft2 

135,000 

Maximum  surface  temperature 

Op 

635.8 

1.  8  REACTOR  THERMAL  AND  HYDRAULIC  DATA  (Cont’d) 


Maximum  metal  temperature  684 

Maximum  coolant  flow  through  fixed  elements 

First  pass  gpm  6, 075 

second  pass  gpm  3,892 

Coolant  volume  flow  through 

control  rods  gpm  1, 967 

Reactor  frictional  pressure  drop  psi  6 


1. 9  REACTOR  VESSEL  DATA 


Material 

Inside  diameter 
Wall  thickness 
Design  pressure 
Design  stress 
Length  (overall) 

Head  thickness 

Head  diameter 

Top  opening  diameter 

Cover  design  weight 

Vessel  design  weight  (incl.  cover) 


Forgings  SA  336  FA  type  304  SS 
Plate  SA  240  type  304  SS 


in. 

in. 

psia 

psi 

in. 

in. 

in. 

in. 

lbs 

lbs 


41.00 
4.500 
2,200 
11,  600 
154.  25 
2.875 
55.75 
52.0 
4,850 
55,930 
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2.0  SITE  PLAN 


The  plot  plan  for  the  SM-2  6000  eKW  (net)  plant  Is  shown  on  Dwg.  Mil 594*6; 
thel2000eKW  plant  is  shown  on  Dwg.  M11594-09. 

2. 1  BUILDINGS 

2. 1. 1  Vapor  Container 


The  vertical  vapor  containers  used  for  either  plant  design  are  based  on  a 
maximum  height  of  35  ft-0  in.  above  grade  due  to  site  restrictions.  The  reactor 
is  located  at  an  elevation  below  grade  in  order  to  obtain  the  maximum  effect  of 
earth  shieldipg.  The  use  of  a  20  ft-0  in.  vertical  vapor  container  was  selected 
on  an  evaluated  basis.  (1) 

Preliminary  construction  schedules  were  made  in  the  SM-2  Preliminary 
Design  indicating  that  the  construction  time  required  to  complete  the  facility 
having  the  vapor  containers  adjacent  to  the  secondary  system  wall  would  be 
reduced  by  approximately  three  months  if  the  distances  between  the  structures 
was  50  ft.  This  would  maintain  minimum  construction  interference,  since 
it  would  preclude  the  use  of  extensive  cofferdams  which  would  be  required  for 
a  tighter  complex  arrangement. 

2.1.2  Demlheralizer  Room 


Upon  completion  of  the  secondary  systems  building  and  vapor  container 
complex,  the  excavated  areas  will  be  backfilled  and  an’  interconnecting  area 
approximately  24  ft  wide  at  grade  level  between  structures  will  be  used  for 
the  demineralizer  roOm.  The  primary  system  auxiliary  equipment  will  be 
located  within  the  demineralizer  room. 

2.1.3  Secondary  Systems  Building 

Building  design  for  the  station  superstructure  enclosing  the  power  plant - 
secondary  system  is  entirely  functional.  A  rigid  type  frame  is  favored  with  all 
features  developed  to  permit  adopting  a  prefabricated  building. 


2.  2  OTHER  FACTORS  CONTRIBUTING  TO  PLANT  LAYOUT 
2. 2. 1  Cooling  Water 

The  circulating  water  intake  is  located  on  the  lake  shore  approximately 
500  ft  distant  from  the  station. 


2.2.2  Shielding 


During  normal  operations,  biological  shielding  of  the  primary  system  is 
provided  in  the  demineralizer  room  and  earth  backfill  around  the  vapor  container. 
An  exclusion  area  is  established  around  the  vapor  container.  Radiation  levels 
outside  the  vapor  container  will  not  exceed  7. 5  mr/hr  or  result  in  an  e;q)ansion 
greater  than  300  mr  after  rupture  of  the  primary  system  for  a  40  hr  week. 

2. 2.  3  Spent  Fuel  Pit 

•The  spent’ fuel  pit  is  to  be  located  adjacent  to  the  vapor  container  and  kept 
filled  with  water. 

2.2.4  Access  Roads 


Truck  access  to  the  spent  fuel  pit  and  primary  demineralizer  for  shipping 
cask  removal  is  required. 


2.  3  SITE  ARRANGEMENT,  /6000  eKW  PLANT 


This  configuration  (Dwg.  M11594-6)  represents  the  elementary  power 
facility  required  to  produce  aminimqmLnelt  butputbf.  6000  eKW. 

The  plant  consists  of  two  main  buildings  and  four  smaller  buildings.  One 
structure  is  a  prefabricated,  steel  frame  unit  80  ft  long  and  50  ft  wide  by  35  ft 
high  at^jthe  ridge,  which  houses  the  steam- electric  conversion  system,  the  cen¬ 
tral  control  room,  the  motor  generator  and  battery  room,  boiler  and  feedwater 
skids,  physics  lab,  repair  area,  office,  lockerToom;,  toilet  facilities  and 
chlorinator  room. 

The  other  main  structure  is  a  steel, silo-shaped  vapor  container  20  ft  in 
diameter  projecting  35  ft  above  grade  with,  the  foundation  submerged  30  ft  below 
grade.  (Ref.  Dwgs.  M11594-58  and  M11594-56. )  This  cylindrical  structure 
houses  the  reactor  in  a  leak  tight  pressure  vessel  designed  to  retain  all  water, 
vapor  and  fission  products  released  during  a  maximum  credible  accidental 
rupture  of  the  primary  system.  This  containing  structure  is  blanketed  with  earth 
fill  to  act  as  secondary  shielding  required  for  biblqgical  radiation  protection. 

The  structure  joining  these  two  buildings  encloses  the  interconnecting  piping, 
the  primary  auxiliary  skid,  the  fuel  storage  vault,  the  hot  and  cold  labs, and  emer¬ 
gency  shower,  and  provides  enclosed  access  between  the  reactor  system  and  the 
steam-electric  system.  The  10-in.  steam  supply  pipe  running  from  the  steam 
generator  inside  the  vapor  container  to  the  steam  turbine  in  the  main  building 
contributes  a  slight  improvement  to  the  transient  response  of  the  plant  due  to 
the  added  mass  storage  of  steam. 

Adjacent  to  the  vapor  container  structure  and  installed  below  grade  is  a 
circular  steel  spent  fuel  tank,  filled  with  water,  designed  to  store  90  fuel  ele- 


ments  and  one  shipping  cask  (Ref.  Dwg.  M11594-59).  These  two  structures  are 
joined  by  a  fuel  transfer  pipe  which  is  underground  and  below  the  water  level 
of  the  spent  fuel  tank.  The  hot  waste  storage  tanks  are  separated  from  the 
main  buildings  by  a  suitable  distance  required  for  shielding  purposes.  These 
storage  tanks  are  enclosed  in  an  underground  concrete  structure.  Connected 
with  this  storage  facility  is  a  hot  waste  treatment  and  drumming  station,  also 
housed  in  an  underground  concrete  building. 

An  auxiliary  building  on  the  lake  shore  houses  the  cooling  water  intake 
facilities.  Cooling  water  is  supplied  to  the  plant  via  underground  pipes  from 
the  lake  shore  pumping  facility.  Return  water  is  also  piped  underground  to 
the  lake';  a  by-pass  is  provided  to  direct  the  warm  discharge  water  towards 
the  intake  structure  so  as  to  provide  some  heating  to  the  intake  water  during 
winter  operation.  Another  building,  16  by  30  ft,  houses  chemicals.  The  elec¬ 
trical  switch  gear  is  the  outdoor  type,  skid  mounted,and  is  installed  close  to 
the  main  building. 

Automobile  parking  is  provided  near  the  personnel  entrances  to  the  tur¬ 
bine-generator  building.  Truck  access  aprons  serve  all  equipment  and  ma¬ 
terial  handling  doorways.  A  gravel  access  road  to  the  cooling  water  intake 
structure  is  provided.  Parking  areas  and  driveways  are  paved  with  bituminous 
concrete. 

A  chain  link  fence  encloses  the  areas  of  potential  radioactivity  to  permit 
control  of  entry  and  exit. 

The  plant  arrangement  permits  maximum  flexibility  from  the  operational 
and  safety  standpoint.  Emphasis  has  been  placed  on  accessibility  to  equipment 
with  the  turbine- generator  room  separate  from  the  vapor  container. 


2.  4  SITE  ARRANGEMENT,  12,000  eKW  POWER  COMPLEX 

This  configuration  (Dwg.  M11594-100)  represents  a  multiple  primary  and 
secondary  combination  to  achieve  maximum  reliability  of  electric  service 
where  severe  transient  loads  are  .anticipated.  This  arrangement  of  machinery 
offers  a  flexibility  to  Withstand  such  loads  and  recover  in  a  minimum  time, 
returning  to  the  stpady  state  level  of  power  output. 

This  power  complex  also  represents  an  integrated  facility  for  quality 
power  generation.  The  system  produces  its  steam  from  two  reactor  instal¬ 
lations  each  of  equal  capacity  (28  tMW)  and  of  identical  configuration, but  each 
is  independent  and  remote  from  the  other  and  housed  in  separate  identical  vapor 
containers.  Each  has  its  own  primary  auxiliary  systems  and  each  is  capable 
of  either  individual  or  joint  operation.  To  back  up  the  requirement  of  uninter¬ 
rupted  steam  generation  .three  oil  fired  steam  boilers  are  provided  to  operate  as 
instant  standby  units;  also^ig  support  the  constant  steam  supply,  two  large  steam 


accumulajtors  are  connected  in  the  main  steam  service  line. 

•  The  main  building  which  houses  the  steam- electric  conversion  system  is 
a  steel,  rigid  frame  insulated  panel,  standardized  unit  fabircation,  176  ft  long 
by  82  ft  wide,  housing  the  five  steam  turbine-generator  units  and  related  contri¬ 
buting  Auxiliary  equipment  and  services  with  the  grouping  of  steam,  water  and 
condensate  essentials  on  one  side  while  all  electrical  production,  transformation, 
switching  and  cqntrol  is  arranged  along  the  opposite  side  of  the  building.  A 
traveling  overhead  crane  serves  the  turbine -generator  gallery.  There  are  lift- 
out  doors  in  the  operating  floor  to  allow  the  crane  to  reach  items  at  the  lower 
level  where  pumps,  hot  waste  processing  and  other  sig>porting  facilities  are  lo¬ 
cated. 


The  vapor  containers  housing  the  primary  systems  are  steel,  silo-shaped 
pressure  vessels  of  20  ft  dia.  They  project  35  ft  above  the  grade  with  the 
foundation  level  30  ft  below  grade.  Earth  is  banked  around  to  provide  radiation 
shielding.  These  vapor  container  structures  are  located  at  such  a  distance 
from  the  main  building  so  as  to  be  in  a  safe  zone  from  the  radiation  standpoint. 
The  connecting  building  structure  provides  an  area  for  the  primary  auxiliary 
equipment.  Adjacent  but  outside  the  vapor  containers  are  located  separate 
spent  fuel  storage  pits. 

Electrical  switchgear  (4160  volts)  is  skid  mounted  and  located  outdoors; 
minimum  length  connections  join  it  to  the  generators. 

The  cooling  water  intake  structure  is  located  about  500 -ft  from  the  main 
building  on  the  lake  shore  and  houses  the  pumps*,  trash  screens,  stop  logs  and 
other  attendant  equipment.  Used  water  is  returned  to  intake  structure  area 
to  assist  in  tempering  the  lake  water  to  retard  freezing  in  cold  weather. 

Fuel  oil  tanks  are  installed  on  the  side  of  the  standby  oil  burning  steam 
boilers.  Access  roads  serve  all  areas  and  provide  for  personnel  parking 
(Dwg.  Mil 594-99). 


2.  5  OVERALL  PLANT  ARRANGEMENT 
2.  5. 1  6000  eKW  Plant 


The  SM-2  Plant  for  producing  6, 000  eKW  is  arranged  in  three  main  areas; 
the  vapor  container,  the  turbine- generator  building,  and  the  interconnecting  pri¬ 
mary  system  auxiliary  equipment  and  demineralizer  room  area  (Dwgs.  M11594-6 
and  Ml  1594- 7).  The  vapor  container  hovises  the  primary  skid,  and  the  pres- 
surizer.  The  primary  auxiliary  skid,  fuel  vault,  and  hot  £ind  cold  labs  are  lo¬ 
cated  in  an  area  between  the  vapor  container  and  the  turbine- generator  building. 
The  turbine- generator  building  houses  the  secondary  system,  physics  lab, 
chlorinator  room,  control  room  and  equipment,  battery  and  equipment  room, 


and  personnel  facilities. 


The  thrbine-generator  building  is  a  two  story  unit.  The  turbine  and  gen¬ 
erator  are  located  about  centrally  on  the  mezzanine  floor.  The  condenser  Is 
parallel  to  and  below  the  turbine-generator  unit  on  the  ground  floor.  The  feed- 
water  skid,  the  water  treatment  skid,  and  the  lube  oil  purifier  skid  are  also 
located  on  the  ground  floor.  The  latter  two  skids  are  arranged  axially  and  are 
parallel  to  the  condenser  skid.  Also  parallel,  but  located  on  the  opposite  side 
of  the  condenser  towards  the  primary  auxiliary  skid  area  is  the  feedwater 
^  skid.  The  chlorinator  room  and  physics  lab  are  found  in  adjacent  corners  of 

the  building,  on  the  ground  floor,  behind  the  water  treatment  and  feedwater 
skids  respectively.  The  condensate  tank  is  placed  on  the  roof  of  the  chlorinator 
room. 


Also  on  the  f round  floor,  at  the  end  of  the  building  opposite  the  lab,  and 
diagonally  opposite  the  chlorinator  room  is  the.  battery  room  containing  the 
battery  skid  #5  and  control  and  instrumentation  power  distribution  skid  #4. 
Adjacent  to  this  is  the  office.  The  personnel  facilities  lie  in  the  remaining 
corner.  A  repair  area  is  also  found  on  the  ground  floor  on  the  outside  wall 
adjacent  to  the  lube  oil  purifier  skid. 

On  the  mezzanine,  directly  above  the  battery  room  is  the  480  volt  con¬ 
trol  center  skid  #3.  Next  to  this,  and  facing  towards  the  turbine,  is  the  control 
console.  These  two  units  occupy  the  control  room.  Contiguous  to  the  control 
room  is  the  instrument  repair  room. 

There  are  five  other  areas  in  the  plant  layout;  the  chemical  storage  area, 
the  spent  fuel  pit,  the  circulating  water  intake  structure,  the  waste  treatment 
system,  and  the  switchgear  and  power  center  areas.  The  latter  consists  of  the 
4160  volt  switchgear  and  480  volt  power  center  and  transformer.  These  lie 
parallel  to  each  other  outside  the  turbine-generator  building  with  the  former 
set  adjacent  to  the  wall  near  the  water  treatment  and  lube  oil  purifier  skids. 

The  spent  fuel  pit  is  located  within  the  circular  vapor  container  shielding  area 
limits  and  is  connected  to  the  vapor  container  by  the  fuel  transfer  tube.  The 
chemical  storage  area  is  separate  from  the  main  building  and  occupies  an  area 
near  the  switchgear  and  power  center  skids  and  the  doorway  entering  the  chlori¬ 
nator  room.  The  circulating  water  intake  structure  is  located  at  the  fresh  water 
supply  source  and  remote  from  the  other  areas  mentioned. 

The  waste  treatment  system  is  composed  of  the  waste  storage  area  and 
the  tank  pit.  The  former,  which  lies  behind  the  primary  auxiliaries  area, 
houses  the  waste  storage  drums,  demineralizer  system,  waste  evaporator, 
condenser  and  storage,  storage  flasks  and  compressor.  The  latter,  which  lies 
behind  the  storage  area,  houses  the  waste  storage  tanks. 


2-5 


2.5.2  12,  OOP  eKW  Plant 


TheSM-2  Complex  m  Plant  for  producing  12,000  eKW  Is  T-shaped  with  two 
(2)  vapor  containers  at  the  tips  of  the  arms,  the  primary  auxiliary  areas  forming 
the  arms,  and  the  main  turbine-generator  building  forming  the  body.  The  layout 
is*shown  on  Dwgs.  M11594-100  and  M11594-103.  The  vapor  container  houses 
the  primary  skid  and  is  located  along  the  wall  near  the  vapor  container  in  the  arm 
of  the  T.  The ’layout  of  the  vapor  container  and  the  primary  auxiliary  4area.!is.the 
same  in  the  two  arms  when  facing  out  toward  the  vapor  container.  The  turbine- 
generator  building  houses  the  secondary  system,  hot  and  cold  chemistry  labs, 
fuel  vault,  electrical  load  centers,  flash  evaporators,  hot  and  cold  condensate  ^ 

storage  tanks,  electrical  equipment  switchgear,  waste  disposal  system,  chlorine 
room,  control  room  and  equipment,  personnel  facilities  and  work  and  main¬ 
tenance  shops.  The  turbine-generator  building  is  a  two  story  unit.  The  system 
employs  five  turbine- generators,  located  on  the  station  grade  elevation  and 
regimented  with  their  axes  parallel  and  corresponding  assemblies  in  line.  An 
area  about  the  size  of  that  taken  up  by  a  turbine  generator  is  found  between 
units  #2  and  #3  for  maintenance.  The  control  room,  with  the  console  and  control 
center,  abuts  this  area  and  lies  on  the  outside  wall  approximately  at  the  center. 

The  five  condensers  are  located  below  and  parallel  to  the  turbine-generator  sets 
on  the  station  basement  elevation.  The  boiler  feed  pump  package  lies  between 
condensers  #2  and  #3  below  the  space  previously  mentioned.  The  boiler  feed 
booster  and  service  water  pump  skid  is  located  behind  this  package  against  the 
wall.  There  are  three  condensate  pump  packages  located  between  condensers 
#1  &  #2,  #3  &  #4,  and  #4  &  5  respectively.  Three  feedwater  heater  skids  are 
located,  one  each  at  the  exhaust  end  of  condensers  #1  &  #2,  #3  &  #4,  and  #5. 

The  two  lube  oil  purifier  skids  lie  bn  opposite  sides  of  the  boiler  feed  booster 
pump  skid  against  the  wall. 

Behind  turbine  #4  are  the  two  flash  evaporators  with  mutually  parallel 
axes  at  right  angles  to  the  turbine  generators.  In  front  of  the  evaporators  are 
the  cold  condensate  storage  tank  and  the  hot  condensate  storage  tank  in  that 
order. 

The  electrical  equipment  480  volt  switchgear  skid  is  located  at  the  gen¬ 
erator  end  of  units  #3,  #4  and  #5  with  its  axis  perpendicular  to  the  turbine- 
generator  sets  and  lying  perpendicular  to  the  control  center.  On  the  same 
wall,  To  the  left  of  the  control  room,  facing  the  console,  and  contiguous  with 
the  control  room  and  each  other  are  the  instrument  repair  room,  health  physics 
room,  personnel  facilities,  and  office  space.  The  control  and  instrumentation 
power  distribution  skid  and  the  battery  skid  lie  directly  below  the  control  room. 

The  two  4160  volt  switchgear  skids  and  the  transformer  skid  falling  parallel  to 
each  other  are  outside  the  main  building  behind  the  control  room. 

The  Remaining  assigned  areas  within  the  building  on  the  grade  elevation  con¬ 
tain  the  cold  chemistry  lab  at  the  corner  adjacent  to  the  left  arm  of  the  "T"  and 
the  hot  chemistry  lab  at  the  corner  adjacent  to  the  right  arm,  the  fuel  vahlt  ad¬ 
joining  the  hpt  lab  and  the  back  wall,  and  the  chlorine  room  diagonally  opposite 
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the  hot  lab.  The  burner  control  stations  for  the  three  parallel  boilers^found  out¬ 
side  the  building  and  at  right  angles  to  it,  lie  on  the  wall  between  the  chlorine 
room  and  the  hot  condensate  storage  tank.  Two  parallel  accumulator  banks *are 
also  outside  the  building  parallel  with  the  boilers  and  perpendicular  to  the  build¬ 
ing  at  about  the  hot  and  cold  condensate  storage  tanks. 

The  remaining  assigned  areas  within  the  building  at  the  basement  elevation 
house  the  waste  disposal  processing  equipment  skids  #1,  #2  &  #3  with  the  air 
compressor,  and  the  air  receiver,  all  at  the  head  end  of  the  "T",  and  the  two 
storage  areas  at  the  corners  with  the  maintenance  workshop  between  at  the 
base  of  the  "T".  The  decay  tank  and  hot  waste  tanks  #1  &  #2  are  underground 
outside  the  building  behind  the  waste  disposal  system. 

Two  remaining  stations  outside  of  the  buildings  are  the  spent  fuel  pit,  which 
is  located  within  the  vapor  container  shielding  area  limits,  and  the  circulaUng 
water  intake  structure  located  at  the  fresh  water  supply  source. 

2.  5.  3  Comparison  of  6,000  eKW  and  12,000  eKW  Plants 


There  is  considerable  difference  in  the  plant  arrangements  of  the  6, 000  and 
12,000  eKW  units*,  however  there  are  some  similarities.  The  vapor  container  - 
spent  fuel  pit  area  is  laid  out  similarly.  The  primary  auxiliaries  section  is 
similar  except  that  the  hot  and  cold  labs  and  fuel  vault  are  located  in  the  main 
building  on  the  larger  unit.  The  12, 000  eKW  unit  uses  five  turbine -generator 
sets  with  five  condensers  and  two  lube  oil  skids.  The  6,000  eKW  unit  uses  one 
of  each.  The  largely  unit  uses  flash  evaporators  and  storage  tanks  in  place  of 
the  water  treatment  skid.  Three  feedwater  skids  and  a  boiler  feed  pump  package 
are  used  on  the  12, 000  eKW  unit.  One  feedwater  skid  is  found  on  the  smaller 
unit.  The  12,000  eKW  unit  uses  three  auxiliary  boilers  and  two  accumulator 
banks  while  the  smaller  unit  has  none  of  these.  The  final  major  difference  in  the 
two  arrangements  is  the  inclusion  within  the  building  of  the  waste  disposal  system 
and  storage  facilities  on  the  larger  unit. 

Reference  to  Dwg.  M11594-100  and  M11594-103  for  the  12,000  eKW  unit 
and  Dwg.  M11594-7  and  M11594-8  for  the  6,000  eKW  unit  will  show  more  clearly 
the  variances  in  plant  arrangements. 


2.  6  EQUIPMENT  ARRANGEMENT 

»  - 

2.  6. 1  Vapor  Container 


The  primary  equipment  of  the  power  complex  is  located  within  the  steel  vapor 
container  enclosure  (Dwg.  M11594-58).  The  skid  mounted  reactor,  steam  gen¬ 
erator,  lower  shield  tank,  control  rods,  primary  piping  and  primary  coolant 
pump  .form  the  basic  elements  of  the  containment  and  are  located  on  the  bottom 
level  well  anchored  to  a  concrete  base.  The  lower  shield  tank  supports  the  weight 
of  the  upper  shield  tank  and  its  water.  Concrete  and  lead  shielding  are  mounted 
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around  the  outside  of  the  lower  and  iq^per  shield  tank.  Xhe  pressurizer  is  mounted' 
on  a  steel  structural  base  which  is  secured  to  the  concrete  foundation  with  anchor 
bolts. 


Since  the  pressurizer  and  its  base  are  not  part  of  the  basic  skid  assembly, 
the  piping  to  the  primary  coolant  circuit  is  through  field  welded  connections. 
Control  rod  drives  and  electrical  devices  are  mounted  to  the  basic  skid  assembly 
as  a  field  installation.  The  pressurizer  heating  elements  also  are  wired  vqp  to 
the  control  box  as  an  electrical  field  installation.  A  sump  pump  and  other  minor 
devices  are  also  located  at  this  lower  level. 

• 

The  i9)per  or  operating  level  is  at  the  plant  ground  floor  level  and  con¬ 
sists  of  steel  gratings  mounted  on  a  steel  structure  that  is  all  bolt  connected 
for  ease  of  removal.  Provision  has  been  made  to  store  the  reactor  dry  cap  in 
a  suitable  rack  at  this  level.  An  air  conditioner  unit  is  wall  mounted. 

The  upper  shield  tankLis  covered  with  removable  checker  plate  lids  and  a 
movable  service  bridge  is  provided  for  the  operating  personnel.  Reactor  tools 
are  used  in  conjunction  with  an  overhead  polar  crane.  The  fuel  transfer  car  • 
and  carriage  is  actuated  by  a  steel  tape  contained  in  a  reel  which  is  wall  mounted. 
The  fuel  transfer  tube  isolation  valve  has  a  remote  mounted  indicating  handle 
located  at  this  operating  deck  level. 

Access  to  lower  levels  is  by  steel  ship  ladders. 

2. 6.  2  Equipment  Access  and  Manways 


The  primary  system  major  components  are  enclosed  within  the  vapor  con¬ 
tainer  vessel  with  the  Auxiliary  equipment  adjacent  but  beyond  the  secondary 
shielding  (Dwg.  M11594-58).  Access  for  maintenance  is  through  a  container 
vessel  code  door  (Dwg.  Mil 594-60)  at  ground  floor  level.  Crane  access  is 
through  a  7  ft  diam  quick  opening  shear  type  closure  (Dwg.  M11594-60)  overhead  * 
in  the  hemispherical  roof  segment  of  the  vapor  container,  centered  directly 
over  the  st^m  generator.  The  inside  service  crane  is  of  the  polar  type. 

Penetrations  for  services  are  sealed  and  piping  is  anchored  to  prevent  stress 
transfer  to  the  container  shell.  Removable  catwalks^find  hand  rails  are  bolted 
to  structural  members,  all  of  which  may  be  disassembled  to  provide  any  clear¬ 
ance  desired  for  service  or  access  at  lower  levels.  Vent  connections  are  pro¬ 
vided  to  exhaust  the  area  through  a  filter  system  installed  on  the  auxiliary  skid. 

When  ventilation  is  in  progress,  fresh  air  may  be  introduced  through  the  opening  4 

of  the  code  personnel  door. 

2.  6.  3  Demineralizer  Room  Arrangement 

V 

The  primary  system  demineralizers  are  located  on  the  primary  auxiliary 
skid.  The  skid  is  placed  in  the  demineralizer  room  (Dwg.  Mil 594-6)  to  facilitate 
removal  of  the  spent  demineralizer  in  its  shipping  cask  and  replacement  by  a  new 
one.  Because  of  the  weight  and  the  hot  condition  of  the  spent  demineralizer,  the 
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changeover  should  be  accomplished  rapidly  to  minimize  the  e]q;)osure  time  to 
personnel.  To  facilitate  this  operation,  the  room  has  been  arranged  to  provide 
for  a  truck  to  enter  and  be  loaded.  A  fork  lift  truck  would  be  used  for  the  load¬ 
ing  and  unloading  operation. 

• 

Other  primary  system  auxiliaries  which  are  mounted  on  this  skid  are:  blower 
and  filter  bank  for  the  vapor  container  ventilation  system,  primary  makeup  pumps, 
spent  fuel  pit  recirculating  pump,  vapor  container  cooling  water  pumps,  primary 
makeup  tank,  vapor  container  cooling  water  tank,  boron  tank,  primary  and  secon¬ 
dary  blowdown  coolers,  spent  fuel  pit  water  cooler,  various  regulating  valves, 
electrical  controls,  and  devices  for  the  operation  and  control  of  the  mechanical 
items  Incorporated. 

The  skid  is  so  placed  in  the  area  that  all  connecting  piping  can  be  racked 
against  the  wall,  thus  allowing  easy  access  to  all  components. 

Located  at  the  vapor  container  end  of  the  room  is  a  pipe  pit  where  the 
piping  is  grouped  In  a  special  vapor  container  penetration  panel  which  is  so  de¬ 
signed  that  thermal  stresses  are  prevented  from  being  transmitted  to  the  shell 
structure  of  the  vapor  container.  A  similar  electrical  penetration  panel  is  pro¬ 
vided.  The  main  10  in.  steam  line  from  the  steam  generator  installed  inside  the 
vapor  container  passes  through  the  demineralizer  room  to  the  main  steam  supply 
system.  Electrical  cables  are  also  directed  through  this  room  nested  in  cable 
trays  and  conduits  thus  becoming  the  main  link  between  the  primary  system  and 
the  steam-electric  secondary  system. 

During  normal  operations,  biological  shielding  of  the  primary  system  in 
the  demineralizer  room  is  provided  by  use  of  concrete  and  partially  by  earth 
backfill  as  shown. on  Dwg.  M11594-56.  The  vertical  walls  are  one  footthick 
and  the  ceiling  about  1-1/2  ft  thick.  Radiation  from  the  demineralizers  is  reduced 
locally  by  keeping  the  demineralizers  in  the  shipping  casks  at  all  times  including 
changeover  of  spent  units  with  fresh  assemblies.  The  primary  makeup  tank,  which 
is  located  on  the  primary  auxiliary  skid  in  the  demineralizer  room,  is  not  normally 
shielded;  however,  the  tank  is  positioned  vertically  to  permit  stacking  of  lead 
bricks  on  the  skid  and  around  the  tank  should  conditions  warrant  it. 

The  fuel  vault,  a  safe  storage  area,  is  located  in  thedemineralizer  room. 

The  vault  is  an  enclosure  formed  by  12  in.  thick  concrete  walls  with  racks  for 
the  stored  fuel  elements.  The  door  to  the  vault,  3  ft  wide,  offers  a  rugged  design 
for  safe  storage  against  fire  and  theft. 

Space  has  been  provided  in  the  demineralizer  room  for  adjoining  hot  and 
cold  laboratories.  Each  laboratory  will  have  floor  and  wall  cabinets  for  the 
storage  of  analytical  equipment,  chemicals,  glassware,  books,  and  records. 

Hoods,  sinks,  and  benches  are  also  provided  for  the  work  being  conducted  in  the 
laboratories.  Primary  water  samples  will  be  taken  directly  from  the  purification 
loop  instead  of  running  sample  lines  to  the  hot  laboratory.  This  is  being  done 
to  limit  as  much  as  possible  the  hot  areas  in  the  primary  building.  However,  all 
secondary  sample  lines'  will  come  into  the  cold  laboratory  to  facilitate  laboratory 
work. 

A  standard  safety  shower  is  also  located  in  the  demineralizer  room. 
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2.  7  PIPING  AND  WIRING  PHILOSOPHY 


A  packaged  plant  design  was  chosen  to  make  use  of  the  following  advantages: 

1.  Reduced  erection  time  and  Costs. 

2.  Higher  degree  of  reliability  due  to  shop  testing. 

3.  Equipment  can  be  dismantled  and  relocated. 

• 

Pipe  and  fittings  for  the  primary  system  including  mains  and  purification 
system  are  T304  ss  with  250.microinch  r.  m.  s.  finish.  Cooling  water  piping 
and  other  lines  not  in  contact  with  primary  water  are  of  conventional  materials 
suited  to  the  particular  service.  To  provide  integrity  and  zero  leakage,  all 
piping  is  welded,  with  a  minimum  of  flanges,  and  generally  is  of  greater  wall 
thickness  than  is  necessary  for  pressure  containment,  particularly  in  the 
small  sizes.  Primarily  this  heavier  pipe  is  used  for  mechanical  strength,  rather 
than  for  added  corrosion  al^wance. 

Interconnecting  piping,.field  installed,  follows  the  same  pattern  of  materials 
and  fabrication,  providing  for  anchorage  in  a  manner  to  avoid  introducing  thermal 
stress  or  pipeline  thrust  into  the  vapor  container,  while  maintaining  the  integrity 
of  that  pressure  vessel.  Where  necessary,  piping  and  certain  equipment  is 
spring  supported  and  contoured  generally  to  provide  a  geometry  which  will  allow 
the  absorption  of  thermal  stresses  by  the  pipe  itself. 

The  wiring  was  planned  to  contribute  to  the  concept  of  shop  assembly  and 
testing,  simple  dismantling  and  shipment,  and  ease  and  cheapness  of  erection 
in  the  field. 

Power  cables  will  be  in  accordance  with  the  National  Electrical  Code  to 
provide  ample  current  carrying  capacity  and  to  eliminate  the  possibility  of  pro¬ 
blems  caused  by  excessive  voltage  drop. 

The  voltage  level  of  the  control  signal  carried  by  control  cables  will  be  of 
such  magnitude  as  to  minimize  problems  caused  by  interference. 


2.8  STORAGE  FACILITIES 
2.  8. 1  6,  000  eKW  Plant 


In  addition  to  the  normal  operating  storage  facilities  such  as  fuel  vault  and 
waste  storage  tanks,  certain  areas  have  been  provided  for  storage  of  equipment 
and  materials  necessary  for  plant  maintenance  and  supply. 

For  generator  maintenance  and  in-plant  work,  a  fool  and  parts  storage 
space  approximately  25  ft  by  2-1/2  ft  is  provided  on  the  ground  floor  in  an  area 
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abutting  the  primary  auxiliaries  and  lab  area  and  contiguous  with  the  motor-generator 
and  battery  room.  On  the  same  floor,  in  the  repair  area,  facilities  are  available 
for  small  parts  torage.  For  instrument  repair,  storage  bins  are  provided  in  the 
instrument  repair  shop.  A  chemical  storage  area  16  ft  by  30  ft  is  provided  outside 
of  the  main  buildings.  Storage  for  chlorine  cylinders  is  provided  along  two  op¬ 
posite  walls  of  the  chlorinator  room. 

2.8.2  12,000  eKW  Plant 

%  In  this  plant,  two  general  storage  areas,  each  about  16  ft  by  23  ft,are  found 

in  adjacent  corners  on  the  basement  elevation  on  opposite  sides  of  the  maintenance 
workshop  area.  The  work  shop  area,  as  well  as  the  instrument  repair  room, 
have  facilities  for  storing  parts  for  immediate  needs.  Chlorine  bottles  will  be 
stored  in  the  chlorinator  room.  This  plant  has  no  chemical  storage  area.  A  fuel 
oil  storage  site  for  the  auxiliary  boilers  is  made  up  of  two  40,000  bbl  capacity 
tanks  set  on  concrete  slabs  at  site  grade.  These  supply  a  500  gal  elevated  storage 
in  the  power  plant.  Normal  operating  storage  facilities  such  as  fuel  vault  and 
condensate  storage  are  described  elsewhere. 


2.9  WASTE  DISPOSAL 

Contaminated  wastes,  collected  during  normal  plant  operation  or  resulting 
from  a  decontamination  program,  will  be  stored  and  processed  in  two  concrete 
enclosures  apart  from  the  main  building  (Dwg.  M03-M1).  They  will  be  recessed 
in  the  ground  to  permit  gravity  flow  of  wastes  from  the  plant  drains  to  the  2500  gal 
receiving  tank,  and  to  reduce  the  shielding  costs  by  utilization  of  soil  as  an  at¬ 
tenuator. 

The  enclosure  nearest  to  the  main  building  is  designated  as  the  waste  treat¬ 
ment  building.  It  is  divided  into  three  areas  by  partitions  which  serve  as  shielding 
around  hot  equipment.  The  partitioned  areas,  identified  by  the  process  functions 
performed  within  them,  are  the  evaporator  room,  drummed  waste  storage  room, 
and  the  miscellaneous  equipment  room. 

The  evaporator  room  houses  the  evaporator-  condenser  and  its  supporting 
equipment  including  surge  tank,  pumps,  flow  meters,  valves,  piping,  and  the  like. 
This  equipment  is  preassembled,  skid  mounted,  and  transported  to  the  site  as 
one  package. 

The  drummed  waste  storage  room  houses  the  200  gal  holding  tank,  one 
demineralizer  with  its  shipping  cask,  one  waste  filter  element  shipping  cask, 
and  twenty-five  concentrated  waste  storage  drums.  The  filling  process  for  the 
waste  storage  drums  is  also  performed  in  this  room. 
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The  miscellaneous  equipment  room  fills  multiple  requirements.  It  is  a  low 
radiation  area  and  consequently  serves  as  that  area  into  which  entrance  is  made 
by  personnel  when  wastes  are  being  processed.  Entrance  to  the  other  process 
areas  is  also  made  from  this  room.  The  gaseous  waste  storage  facilities  are 
also  contained  here,  and  consist  of  one  air  compressor,  one  blower,  and  six 
storage  flasks.  A  300  gal  distilled  water  tank,  which  collects  and  stores  pro¬ 
cess  by-product  water  of  low  activity,  is  located  in  this  room  near  the  entrance 
to  the  evaporator  room.  Finall,  a  valve  panel  is  provided  near  the  stairway  from 
which  process  and  utility  fluids  are  controlled. 

A  monorail  crane  is  located  within  an  unheated  shed  above  the  waste  treatment 
building.  Its  function  is  to  deposit  and  remove  waste  storage  drums  from  the 
drummed  waste  storage  room,  and  to  remove  the  evaporator  when  servicing  is 
required.  Hatches  through  the  roof  of  the  waste  treatment  building  are  provided 
to  accomplish  these  operations. 

Unused  waste  storage  drums  are  stored  outside  the  building.  Filled  drums, 
however,  are  stored  in  the  drummed  waste  storage  room  until  they  can  be 
shipped  to  the  Government’s  waste  processing  station.  Provision  is  made  for 
storage  of  25  20-gal  capacity  waste  storage  drums,  based  on  the  anticipated  collec¬ 
tion  of  approximately  500  gal  of  concentrated  wastes  accumulated  as  the  result 
of  a  decontamination  program.  All  drums  and  casks  are  to  be  shielded  with  suf¬ 
ficient  lead  or  concrete  to  meet  shipping  regulations.  Dollys  are  to  be  provided 
for  use  with  the  waste  storage  drums  to  facilitate  easy  maneuvering  of  the  drums 
from  below  the  hatch  to  the  filling  station,  storage  area,  and  back  to  the  area 
below  the  hatch. 

The  hot  waste  storage  building  is  essentially  a  concrete  lined  pit  which  houses 
two  5000-gal  storage  tanks,  and  one  2500-gal  receiving  tank.  Motors  and  controls 
for  pumping  and  mixing  equipment  on  each  tank  are  located  above  the  2-1/2-ft 
thick  concrete  slat  roof  to  provide  access  for  servicing.  An  unheated  shelter  is 
to  be  provided  for  this  equipment.  A  hatchway  through  the  covering  slab  and 
a  ladder  will  be  provided  for  entrance  into  the  pit. 

Pipe  enclosures  for  process  and  utilities  piping  run  from  the  main  building 
to  the  waste  treatment  building,  and  then  to  the  waste  storage  building. 

The  waste  storage  building,  waste  treatment  building,  and  pipe  enclosures 
will  be  steam  heated  with  steam  available  from  the  main  plant. 

4. 


O 
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3.  0  HEAT  BALANCE 


Heat  losses  by  conduction,  convection,  radiation,  and  blowdown  from 
the  primary  systein  were  calculated  and  these  losses  areft 

Btu/hr 


Reactor  heat  loss  65360 

Steam  generator  heat  loss  14220 

Pressurizer  heat  loss  7100* 

Prinoary  piping  heat  loss  4980 

Primary  blowdown  loss  235000 

Total  heat  loss  326660 


The  reactor  heat  loss  includes  50,  690  Btu/hr  heat  loss  due  to  gamma 
radiation  to  the  primary  shielding. 

The  heat  input  to  the  primary  coolant  due  to  primary  pump  work  is 
661,  000  Btu/hr,  so  that  the  net  heat  from  losses  and  pump  work  is  a  gain 
of  334,  340  Btu/hr. 

Heat  balances  have  been  prepared  for  the  single  reactor,  single  turbine- 
generator  set  for  the  condition  of  rated  heat  transferred  at  the  steam  generator. 
The  heat  output  at  the  steam  generator  at  rated  conditions  is  90.  5  x  10®  Btu/hr 
and  the  gross  electrical  output  is  7511  kw.  The  heat  balance  is  shown  on  draw¬ 
ing  M  11594-50.  Heat  balances  have  also  been  prepared  to  show  cycle  condi¬ 
tions  for  the  system  of  two  reactors  supplying  three  turbines  for  a  net  output  of 
12, 000  kw  and  four  turbines  for  a  net  output  of  12,  000  kw.  These  heat  bal¬ 
ances  are  on  drawings  M  11594-101  and  M  11594-102. 


The  following  is  a  summary  of  the  primary  heat  balances: 


Single  Reactor 

Two  Reactor 

Two  Reactor 

Single  T-G  Set 

3  T-G  Sets 

4  T-G  Sets 

7511  KW 

12000  KW 

12000  KW 

Gross  Output 

Gross  Output 

Gross  Output 

Steam  Flow 

99,  062  Ib/hr 

90,  545  Ib/hr 

91,  690  Ib/hr 

Feedwater  Flow 

99,  372  Ib/hr 

90,  855  Ib/hr 

92,  000  Ib/hr 

Steam  Gen.  Output 

90.  5(10)-6 

84.  42  (10)6 

87.  36  (10)6 

Btu/hr 

Btu/hr 

Btu/hr 

Primary  System  Losses 

326660  Btu/hr 

326660  Btu/hr 

326660  Btu/hr 

Primary  Pump  Work 

661000  Btu/hf 

661000  Btu/hr 

661000  Btu/hr 

Reactor  Output 

90.  2  (10)6 

84. 10  (10)6 

87.  03  (10)6 

Btu/hr 

Btu/hr 

Btu/hr 

Primary  Coolant  Flow 

3.  05  (10)6  ib/hr 

•  3.  05  (10)6  ib/hr 

3.  05  (10)6  ib/hr 

Calculations  for  the  primary  heat  balance  are  shown  in  Volume  2,  Section 
6.  0,  of  this  report.  3-1 
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4.0  PRIMARY  LOOP  FLOW 


4. 1  DESCRIPTION 


Drawing  M  11594-49  Is  a  schematic  representation  of  the  piping  in  the 
reactor  and  primary  auxiliary  sections  of  the  SM-2  plant.  The  primary 
coolant  circulating  loop  is  described  here;  the  auxiliary  systems  are  cover¬ 
ed  in  the  sections  dealing  with  auxiliary  components. 

The  function  of  the  primary  coolant  loop  is  to  transfer  heat  generated 
in  the  reactor  core  to  the  steam  generator.  This  is  accomplished  by  heat 
transfer  to  and  from  the  light  water  coolant  which  is  circulated  in  the  primary 
coolant  loop. 

The  primary  coolant  loop  consists  of  the  reactor  vessel,  steam  genera¬ 
tor,  pressurizer,  primary  circulating  pump,  and  interconnecting  pipii^.  Pri¬ 
mary  coolant  is  discharged  at  a  rate  of  7800  gpm  from  the  primary  circulating 
pump  through  14  in.  diam  stainlessLStCelpiping^  to  the  reactor  vessel.  The 
coolant  enters  the  reactor  vessel  at  a  temperature  of  500.  5^F,  and  makes  two 
passes  through  the  reactor  core,  where  its  temperature  is  raised  to  525.  5^F. 

It  is  then  discharged  through  14  in.  diam  piping  to  the  tube  side  of  the  vertical 
steam  generator.  In  the  steam  generator,  the  coolant  passes  through  a  U-type 
tube  bundle  where  it  gives  up  heat  at  the  full  load  rate  of  90.  5  x  106  Btu/hr  to 
generatle  superheated  steam.  The  coolant  then  leaves  the  steam  generator  and 
returns  through  a  16  in.  stainless  steel  elbow  to  the  primary  circulating  pump, 
thus  completing  the  cycle. 

A  pressurizer  maintains  a  pressure  of  2000  psia  on  the  system  during 
operation.  It  is  connected  to  the  14  in.  piping  in  the  section  between  the  steam 
generator  and  the  reactor  vessel  inlet.  The  connecting  line  is  a  3  in.  pipe 
which  is  essentially  a  dead  leg.  The  only  flow  through  this  pipe  is  that  which  ■ 
is  induced  by  load  fluctuations. 

A  2  in.  line  which  connects  the  pressurizer’ s  vapor  chamber  with  the 
14  in.  piping  downstream  of  the  primary  circulating  pump  is  provided  to  facili¬ 
tate  accelerated  cooldown  of  the  pressurizer  during  a  plant  shutdown.  A  man¬ 
ually  operated  globe  valve  isprovided  in  this  line  and  is  normally  closed.  The 
valve  is  opened  only  when  system  cooldown  is  desired. 

The  primary  coolant  loop  is  protected  by  two  1-1/2  by  2-1/2  in.  relief 
valves  mounted  on  the  pressurizer.  As  the  system  design  pressure  is  2200 
psia,  the  relief  valves  are  set  to  open  at  this  pressure. 

Provisibn  for  constant  makeup  and  blowdown  is  made  to  maintain  purity 
of  the  circulating  fluid.  The  system  is  blown  down  from  the  steam  generator 
channel  and  the  reactor  vessel.  Makeup  water  enters  the  system  at  a  penetra¬ 
tion  in  the  piping  downstream  of  the  primary  circulating  pump. 
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A  fill  line  and  vent  connection  are  provided  for  the  motor  cavity  of  the 
primary  circulating  pump  to  insure  that  proper  motor  bearing  lubrication  is 
provided  prior  to  operation. 

The  primary  piping  loop  is  all-welded  construction,  and  will  be  shop 
fabricated.  The  only  field  connections  will  be  those  for  the  pressurizer. 

Two  valves,  capped  with  blind  flanges,  are  provided  for  connection  of 
temporary  piping  used  during  decontamination  of  the  system. 
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4.  2  PIPE  SIZES  AND  MATERIALS 
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5.0  PLANT  THERMAL  AND  HYDRAUUC  ANALYSIS 


5. 1  CONTRACT  REQUIREMENTS 

Contract  No.  DA-44-009-E|NG-3306,  Exhibit  B,  required  that  a  system 
develofhnent  analysis  be  conducted  on  the  pressurizer  and  controls.  This 
work  was  to  be  done  in  two  parts; 

1.  A  literature  search  and  analysis  of  the  rate  of  condensation  on  metal 
walls  and  liquid  interface,  the  added  surface  and  t|iermal  mass  to 
back  up  the  surface;  and  pressure  and  liquid  level  programming. 

2.  Incbrporation  of  the  above  in  an  analog  model  for  the  selection  of  the 
size  of  the  SM-2  pressurizer. 

This  development  analysis  is  completed  and  has  been  reported  in  APAE  Memo 
No.  266.(1) 

Under  Exhibit  C  of  Contract  No.  DA-44-192-ENG-7,  this  section  of  the 
report  covers  the  following  items  in  the  primary  system: 

1.  Primary  loop  pressure  drop 

2.  Pressurizer 

3.  Transient  design  analysis 


5.  2  DESIGN  INFORMATION.  PLANT  CONSTANTS 


Plant  Performance 


Thermal  power  developed  in  reactor 

MW 

28 

Electric  power  generated 

KW 

7000 

Reactor  Dimoisions 

Height  of  active  core 

Dimensions  of  fuel  element  coolant 

In. 

22.0 

passages  (inches) 

Fixed 

Control  Rod 

Length 

23.5 

23.0 

Thickness 

0.  123 

0. 123 

Distance  between  side  plates 

2.  789 

2.  544 
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Thermal  Data  of  Reactor 


Coolant  inlet  temperature  at  reactor 

Op 

500 

Coolant  outlet  temperature  at  reactor 
Properties  of  coolant  @  500^  F  and  2000  psia 

Op 

525 

Density 

lb/ft3 

49.5 

Viscosity 

Ib/hr  ft 

0.260  • 

Thermal  conductivity 

Btu/hr  ftOF 

0.  3562 

S^>ecific  heat 

Btu/hr  PF 

1.154 

Properties  of  coolant  @  80°F  and  2000  psia 

Density 

lbs/ft3 

62.  55 

Viscosity 

Ibs/hr  ft 

2.  083 

Hydraulic  Data  of  Reactor  at  Full  Power 

Operating  pressure  in  reactor 

psia 

2000 

I^imary  loop  pressure  drop 

ft  H2O 

113.9 

Number  of  reactor  coolant  passes 

Coolant  flow  in  core  passages/ element 

gpm 

2 

1st  pass  -stationary  elements 

218 

2nd  pass  -stationary  elements 

316 

Control  rod 

331 

Coolant  requirements 

ftvsec 

17.  38 

gpm 

7800 

Piping 

Type,  304  ss 

Nominal  pipe  sizes,  schedule  140 


Between  pump  and  reactor,  reactor 


and  steam  generator 

in. 

14 

Between  steam  generator  and  pump 

in. 

16 

Inside  diameters 

ft  (14”) 

0.  9583 

ft  (16") 

1.  0937 

Cross-sectional  areas 

ft2  (14") 

0.  7213 

’ 

ft2  (16") 

0.  9394 

Reference  Drawings 

Primary  loop 

M 11594-57 

Pressurizer 

M  11594-40 
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5.  3  PRIMARY  LOOP  PUMPING  REQUlREMEyrS 
5.  3. 1  Nomenclature 


A 

C 

d,D 

f 

g 

h 

K 

K* 

1 

L.R. 

P 

Q 

r 

Nre 

S.  R. 
V 

P 

M 

X 

1 


Pipe  cross-sectional  area, 

bend  loss  coefficient,  dimensionless 

pipe  diameter,  ft 

friction  factor,  dimensionless 

acceleration  due  to  gravity  =  32.  2  ft/sec^ 

head  loss,  ft  of  N2O 

loss  coefficient  due  to  curvature  of  pipe  bend 

overall  loss  coefficient 

equivalent  length  of  pipe,  ft 

long  radius  (referring  to  pipe  bend),  ft 

pressure  drop,  ft  of  H2O 

fluid  flow,  gpm 

radius,  of  pipe  bend,  ft 

Reynolds*  Number  =  dimensionless 

short  radius  (referring  to  pipe  bend),  ft 

fluid  velocity,  ft/ sec 

density,  Ibs/ft^ 

viscosity  Ibs/hr  ft 

as  subscript;  unknown  quantity 

as  subscript;  know  quantity 
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5.  4  PRESSURE  DROP  CALCULATIONS 


5.  4. 1  Calculation  of  Primary  Loop  Piping  Losses 

5.  4. 1. 1  Reactor  to  Steam  Generator  Section 
A.  Frictional  Loss 

Bulk  fluid  temperature  assumed  to  be  at  525^F. 

Total  equivalent  length  of  piping  =  127.  43  in.  (14"  sch.  140) 

V(14"  Sch  140)  =^=  ^  24.  09  ft/sec 

%e  (5250-14")  -  P  VD  _  (48.  0)  (24.  09)  (3600)  (.  9583).  jg  ^gO 

M  (.  2465) 

f  =  0.  008  (A EC  Handbook!) 


h=4-  = 

r(.  008  (12J^)1 

■(24.  09)2' 

urr 

d  2g 

.9583 

- 

=  0.  80  ft  H2O 


B.  Kinetic  Losses 


The  section  under  consideration  includes  1-28-1/20  S.  R.  elbow,  I-45O 
L  R.  elbow,  l-90Os.  R.  elbow  and  1-90°  L.  R.  elbow. 


ratio  for  S.  R.  = 

d  11. 5 

r.  21 

JL  ratio  for  L.  R.  = - 

d  11. 5 


=  1.83 


The  following  coefficients  were  taken  from  reference  2. 
K  (ratio  =  1.  22)  =  0.  29 
K  (ratio  =  1.  83)  =  0.  21 
for  28-1/2°,  bend  coefficient  C  =  0.  41 
for  45°,  bend  coefficient  C  =  0.  62. 
for  90°,  bend  coefficient  C  =  1.  00 
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Total  loss  coefficient,  K* ,  is  defined  as  equal  to  (K)  (C). 


K*  (28-1/2°,  S.  R. )  =  (.  29)  (.  41)  =  0. 12 
IP  (45°,  L.  R. )  =  (.  21)  (.  62)  =  0. 13 

K*  (90°,  S.  R. )  =  (.  29)  (1.  00)  =  0.  29 


IP  (90°,  L.  R. )  =  (.  21)  (1.  00)  = 

V2  _  (24.  09)2 
Ig  -9.01ft 


0.  21 
0.  75 


Total  kinetic  loss  =  0.  75  (9.  01)  =  6.  76  ft  H2O 

5. 4. 1.  2  Steam  Generator  to  Pump  Loss 
A.  Frictional  Loss 


Bulk  fluid  temperature  assumed  to  be  Kt  500^F. 

'i  > 

Total  equivalent  lei^h  of  piping  =  73.  55  in  (16"  sch  140) 

'sec 


u  Q  7800  x  0.002228 

(‘6"  'X'  -130^1-44  ■  1®- 


N, 


RE  (500OF  -  16")  = 


(49.  5)  (18.  49)  (3600)  (1.  0937) 


f  =  .  008 


h  = 


(.  008) 


a^y 


1. 0937 


(18.  49)2 

64.4 

0.  260 


=  0.  24  ft  HgO 


=  13.  86  X  10 


6 


B.  Kinetic  Losses 

The  section  under  consideration  includes  1-45°  L.  R.  elbow  and  1-90° 
L.  R.  elbow. 


Total  loss  coefficient 


IP  (45°  L.  R. )  =  (.  21)  (.  62)  =  0. 13 

IP  (90°  L.  R. )  =  (.  21)  (1. 00)  =.2i2L 

0.  34 

—ratio  for  L.  R.  =  ■?!  ■ ...  =  1.  83  K  =  0,  21 
d  13. 12 


(18.  49)^ 
64.4 


fc  5.  31  ft, 
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Total  kinetic  loss  =  0.  34  (5.  31)  =  1.  81  ft. 

5.  4. 1.  3  Pump  to  Reactor  Loss 

•  • 

A.  Frictional  Loss 


Bulk  fluid  temperature  assumed  to  be  at  500^ F 

Total  equivalent  length  of  pipii^  =  87.  87  in  (14"  sch  140) 

V(14"  sch  140)  =  24. 09  ft/sec 

Nre  (500“.i4)  =  ms)(24.om3eoo)(.95a3)  ^  3,  ^ 

f  =  0.  008  (Ref.  1) 

)08)  (87J 
ll 


h  = 


0.  9583 


n 

■  - 
Of  09)2 

64.  4 

=  0.  55  ft  H2O 


B.  Kinetic  Losses 

The  section  under  consideration  includes  l>20o  S.  R.  elbow  and  2-90° 
S.  R,  elbows. 


Total  loss  coefficient 

K’  (20°,  S.  R. )  =  (.  29)  (.  30)  =  0.  09 

K*  (90°,  S.  R. )  =  (2)  (.  29)  (1.  00)  =  ^ 

-^=  9.  01  ft 


Total  kinetic  loss  =  0.  67  (9.  01)  =  6.  04  ft  H2O 


5.  4. 1.  4  Summary,  Primary  Piping  Losses,  (7800  gpm) 
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Total  Piping  Losses  1. 59  14. 61  2. 72  14. 61 


o 


5.  4.  2  Components  Analyzed  Elsewhere 
5.  4.  2. 1  Reactor  Losses 


.  Thp  following  values  have  been  calculated  for  the  reactor  core  and  vessel 
pressure  drops  at  7800  gpm,  hot  condition. 

A.  1st  Pass,  Shield  and  Vessel 

1.  Frictional  loss  (fuel  section,  shields  )  =  9.  2  ft  H2O 

2.  Kinetic  loss  (nozzles,  bottom  and  top  plate)  =  15.  8  ft  H2O 

Total  loss  =  25.  0  ft  H2O 


B.  2hd  Pass 

1.  Frictional  loss  (plates  and  absorber)  =  10.  5  ft  HgO 

2.  Kinetic  loss  (inlet  and  outlet  losses)  =  15.  2  ft  H2O 

Total  loss  =  25.  7  ft  H2O 
5.  4.  2.  2  Steam  Generator  Loss 

The  overall  nozzle  to  nozzle  steam  generator  primary  side  pressure 
drop  iS'  12.  0  psi  at  7800  gpm  and  under  hot  flow  conditions  at  512*^F  the  aver 
age  primary  temperature,  p,  is  49.  5  lbs/  ft^. 

Head  in  feet  of  water  =  — ^  P*  I* 

P  in  lb/ft3 

Ap  =  12.  0  =  34.  9  ft  HoO 

49. 5  ^ 


This  loss  of  12.  0  psi  was  obtained  emprically  from  curves.  No  break¬ 
down  of  this  loss  into  frictional  and  kinetic  losses  is  thus  available.  However, 
a  previous  analysis  of  a  similar  SM-2  steam  generator(3)  indicates  for  a  total 
Ap  of  55.  2  ft  H2O,  43.  7  ft  is  frictional,  11.  5  ft  is  kinetic  loss,  or  79  percent 
frictional,  21  percent  kinetic.  This  proportion  was  assumed  in  the  present  ^ 

analysis. 

Frictional  loss  =  34.  9  x  0.  79  =  27.  6  ft 
Kinetic  loss  =  34.  9  x  0.  21  •=  7.  3  ft 
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5.  4.  3  Conclusions 

5. 4.  3. 1  Results  at  Operating  Temperatur e 


The  calculated  pressure  drop  around  the  complete  SM-2  primary  loop 
at  the  required  flow  rate  of  7800  gpm  is  103.  5  ft  HoO  at  reactor  operating 
temperature.  The  recommended  specification  head  requirement  for  the  pri¬ 
mary  loop  pump  is  113.  9  ft  H2O  at  SOO^F  which  provides  a  10  percent  margin 
over  the  directly  calculated  value. 

The  following  tabulation  shows  the  magnitude  of  the  pressure  drops  of 
each  component  (includii^  piping)  in  the  primary  loop  at  arbitrarily  selected 
flow  rates  of  6500,  7000,  7500  and  8000  gpm.  Figure  5-1  gives  a  graphic 
representation. 

5.  4.  3.  2  Results  at  Startup  Temperature 


The  anticipated  startup  pressure  drop  is  based  on  an  increased 
friction  factor  at  lower  water  temperatures  due  to  a  decreased  Reynold' s 
number. 

The  calculated  pressure  drop  at  the  required  flow  rate  at  7800  gpm 
is  123.  0  ft  H2O  at  a  normal  startup  temperature  of  80^F. 


♦ 
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5.  5  FLOW  COASTDOWN  BEHAVIOR 


5.  5. 1  ■  Description  • 

Upon  failure  of  the  primary  coolant  pump,  the  circulation  of  the  coolant 
drops  off  rapidly  as  frictional  resistance  to  flow  through  the  loop  dissipates  the 
available  kinetic  energy  of  the  moving  coblant.  The  latter  may  be  supplemented 
by  inertia  of  the  pump  rotor  ass^inbly,  if  the  failure  is  simply  a  loss  of  electric 
power  to  the  pump  motor.  In  this  case,  there  must  be  added  to  the  normal  pres¬ 
sure  drop  through  the  primary  Ipop  only  that  of  a  windmilling  rotor,  and  this  only 
after  it  has  ceased  to  contribute  any  pumping  effort  from  its  own  inertia.  The 
other  possibility  is  that  the  pump  fails  because  its  rotor  assembly  is  mechanical¬ 
ly  jammed  due  to  interference  or  breakage.  This  is  the  more  pessimistic  and 
therefore  the  limiting  case  for  design,  since  the  pump  can  contribute  no  kinetic 
energy  and  offers  a  much  higher  resistance  to  flow. 

Equations  have  been  derived  for  predicting  flow  coastdown  rate  with  a 
freely  rotating  impeller,  but  in  application  they  break  down  because  they  require 
a  knowledge  of  the  coastdown  rate  of  pump  rotation,  and  of  its  efficiency  over 
the  range  of  flow/rpm  ratios  ^erienced  during  the  coastdown.  These  are  both 
indeterminate  for  the  present  application,  but  it  can  safely  be  stated  the  tran¬ 
sient  values  of  pumping  efficiency  will  drop  to  a  very  low  level,  and  the  internal 
hydraulic  friction  of  a  shah'  seal  pump  would  be  a  major  factor  in  using  up  its 
own  kinetic  energy  during  coastdown.  Therefore,  the  overall  contribution  of 
pump  rotor  kinetic  energy  will  be  small,  and  the  two  cases  will  differ  essentially 
by  the  difference  in  negative  head  of  the  pump. 

Because  it  is  by  far  the  more  conservative  case,  only  the  case  of  the 
frozen  impeller  will  be  examined.  In  selecting  from  among  the  equations  which 
have  been  derived  for  predicting  flow  coastdown  rate,  the  moist  conservative  one 
has  been  selected,  with  the  added  justification  that  it  best  fits  the  data  from  the 
only  indicative  test  on  an  SM  type  plant. 

5.  5.  2  Basic  Formulae 


A 

5.  5.  2. 1  Nomenclature 

Pipe  cross  sectional  area  or  heat  transfer  area 

ft2 

a 

Constant  defined  by  eq.  1 

sec. 

b 

Constant  defined  by  eq.  2 

sec"^ 

g 

Acceleration  due  to  gravity 

ft/sec 

h 

Head  loss  across  inoperative  pump 

ft 

H 

Loop  head  at  normal  flow  rate 

ft 

Ho 

Total  loop  head  at  normal  flow  rate  including  h 

ft 
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L 

Length  of  pipe 

ft 

Fo 

Coolant  flow  under  normal  operating  conditions 

ft^/sec 

t 

Time  after  pump  failure  occurs 

sec 

R/Ro 

Ratio  of  coolant  flow  at  time  t  to  flow  under 
normal  operating  conditions 

ratio 

Zl/s 

Summation  of  pipe  "length  over  area" 

ft-1 

5.  5.  2.  2  Equations  Used 

In  calculating  the  rate  of  pump  coastdown  after  an  accident,  the  rate  of 
loss  of  kinetic  energy  from  the  moving  coolant  is  equated  to  the  rate  of  power 
consumption  by  friction  of  the  loop.  Based  on  continuity  of  instantaneous  flow 
rates  throughout  the  loop,  and  overall  pressure  drop  proportional  to  the  1.  8 
power  of  the  flow  rate,  a  differential  equation  is  derived  with  which  the  norm¬ 
alized  flow  rate  can  be  integrated  over  the  range  of  flow,  yielding: 


t  +  a 


where 


a  = 


0.8  g  h 


(1) 


For  convenience  this  is  rearranged  thus: 


R 

Ro 


1.25 


1 

1  +  bt 


where 

b=-  (2) 

a 

The  experimental  data  from  the  SM-1  supports  an  exponent  of  1. 10  to 
1.  20  for  the  above  equation  and  the  reference  test  dijd  not  have  a  stuck  pump 
impeller.  The  latter  would  push  the  exponent  down  closer  to  unity,  but  this  is 
in  the  direction  away  from  a  conservative  assumption. 
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5.  5.  2.  3  Application  to  SM-2 


Constants  used  in  the  SM-2  analysis  are; 
H  =113. 9  ft 

Fq  =  7800  gpm  =  17. 378  ft^sec 

h  (frozen  impeller)  =  100  ft 

=  53.  25  ff^  (see  section  3.  4.  3.  2) 
(Hj.)  frozen  impeller  =  213.  9  ft 

5.  5.  2. 4  ,  SM-2  Primary  Loop 

Reactor  Vessel 


A.  Inlet  section 


L  =  1.  688  ft 

L 

1.688 

A  =  5.  95  ft^ 

A 

5.95 

B. 

Return  section 

Section  I:  L  =  0.  354  ft 

L 

0.354 

A  =  10. 10  ft^ 

A 

10.10 

Section  II:  L  =  1.  979  ft 

L 

1.979 

A  =  4. 15  ft2 

A 

4. 15 

C. 

Outlet  sections 

Section  I:  L  =3.  96  ft 

T, 

A  =  5.  59 

A 

=  0.  709  ft  ’ 

Section  II:  L  =  0.  917  ft 

A  =  4.  SOft^ 

L 

A 

=  0.  203  ft"l 

=  0.  284  ft-1 


0.  031  ft"^ 

0.  477  ft-1 
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Piping 


A.  Cold  Leg,  Generator  to  Pump 

li  =  12  ft  =  6.  52  ft-1 

A  .  0.  9397  ft2 


B.  Pump  to  Reactor 


L.  _  7-  41  ft 
A  ■  0.7213ft2 


10.  28  ff^ 


C.  Reactor  to  Generator 


L  _  10.  75  ft 
A  0. 7213.ft2 


=  14.  9 


D.  Steam  Generator  Inlet  and  Outlet 


A 


l/2[7rD2/4]=  5.  03  ft^ 


L 

A 


2.70 
5.  03 


0.  528  ft 


L  equiv  =  2.  70  ft 

E.  Steam  Generator  Tubular  Volume 


A  =  X  Ajnt  =  681  x  0.  00210  =  1.  43  ft2 

L=  22.  3ft^=-^?^  =  15.6frl 
A  1. 43 

Core 


A. 


1st  Pass 


L  =  1.  831 


1.831 
0.  9249 


1.  982  ffl 


A  =  0.9249 
B.  2nd  Pass 

A  =  53. 25  frl 

yj±  =  53.  25  ff^ 
^  A 
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5.  5.  3  Conclusions 


I*- 


Based  on  the  preceding  data,  the  predicted  flow  rate  expression  is  as 
follows: 


K  -  0.  8  X  32.  2  X  213. 9 
53.  25  X  17.  38 


R/Rq 


1 _ 

1  +  5.  95 


1.25 


5.  95 


Figure  5-2  presents  a  plot  of  R/Rq  versus  t  for  the  first  6  sec  after 
pump  failure  employing  the  above  relation. 


5.  6  PRIMARY  SYSTEM  KINETICS 

5.  6. 1  Pressurizer  Design  Criteria 

The  primary  function  of  the  pressurizer  is  to  maintain  the  primary  loop 
at  the  operating  pressure.  The  other  function  of  the  pressurizer  is  to  contain 
sufficient  steam  and  liquid  to  absorb  the  surge  of  primary  liquid  volume  without 
excessive  pressure  fluctuation.  These  primary  liquid  volume  surges  result 
from  changes  in  the  average  temperature  due  to  abrupt  changes  of  electrical  load 
of  the  power  plant. 

The  pressurizer  is  designed  to  limit  pressure  surges  to  +  150  psi,  to 
comply  with  the  structural  design,  while  encountering  an  instantaneous  load  per¬ 
turbation  from  full  load  to  1  percent.  It  should  also  limit  negative  surges  to 
-125  psi  to  comply  with  thermal  analysis  requirements  during  a  load  increase 
from  5  percent  to  100  percent  in  60  seconds.  The  loss  of  load  can  occur  as  an 
instantaneous  step  function  whereas  the  load  gain  can  only  occur  as  a  ramp 
function. 

Since  these  are  the  most  drastic  load  changes, intermediate  changes  such 
as  100-75  percent,  75-100  percent  or  5-30  percent  load  would  be  of  less  magni¬ 
tude  and  do  not  affect  pressurizer  size. 


5.7  METHODS,  EQUATIONS,  AND  MODEL 
5.  7. 1  Methods 

A  complete  set  of  simultaneous  differential  equations  to  describe  the 
physical  system  and  determine  primary  system  and  component  response  to 
changes  in  steam  generator  loads  were  prepared,  and  then  programmed  for 
solution  on  an  analog  computer. 
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The  general  kinetic  model  used  for  the  primary  system  is  that  de> 
veloped  in  APAE  No.  38(4)  and  APAE  Memo  No.  127(^),  and  later  expanded 
for  2  pass  core  in  APAE  Memo  269(8).  ^he  validity  of  the  basic  model  in 
representing  plant  transients  introduced  by  load  perturbations  has  been 
demonstrated  by  comparison  vdth  SM-1  plant  data. 

The  general  kinetic  model  used  for  the  primary  system  is  that  de¬ 
veloped  in  APAE  No.  38(4)  and  APAE  Memo  No.  127C5)  and  later  expanded 
for  2  pass  core  in  APAE  Memo  269(8).  The  validity  of  the  basic  model  in 
representing  plant  transients  introduced  by  load  perturbations  has  been  de-  ^ 

monstrated  by  comparison  with  SM-1  plant  data. 

The  model  was  placed  on  the  Ease  Analog  Computer  and  runs  made  to 
determine  the  pressurizer  characteristics  dur  to  changes  in  load  from  100 
percent  to  1  percent  and  ramp  increase  in  load  of  5  percent  to  100  percent 
in  60  seconds. 

5.  7.  2  Differential  E(]^uations 

Differential  ^nations  of  the  behavior  of  the  SM-2  primary  system  were 
derived  in  APAE  Memo  269(8). 

5.  7.  2. 1  Pressurizer  Characteristics 

Because  the  total  number  of  amplifiers  required  to  program  the  pri¬ 
mary  system  with  pressurizer  on  the  analog  computer  was  greater  than  the 
amplifiers  available,  the  prQ|)lem  was  treated  as  two  uncoupled  parts.  The 
problem  was  easily  divided  into  the  two  components,  one  to  study  the  be¬ 
havior  of  the  pressurizer,  the  other  to  couple  the  results  of  the  first,  with 
pressure- volume  relationship  approximated  as  a  linear  function. 

With  this  approximation,  the  pressurizer  circuitry  can  be  simplified 
and  expressed  as: 

P(t)-PD  =  Spos  <  0 

P  (t)  -  Pd  =  S„eg  <*>’  >  O 

Slope  S  is  obtained  from  the  study  of  the  pressurizer  behavior  which 
accounts  for  condensation  on  metal  walls  and  liquid  surface. 

4, 

5.  7.  3  Analog  Circuit  Diagram 

The  circuit  diagram  for  wiring  the  electronic  analog  computer  is  shown 
in  Fig.  5-3. 

5.  7.  3. 1  Time  and  Amplitude  Scaling  Factors 

Time  and  amplitude  scaling  factors  of  unity  were  used  because  of  the 
speed  of  the  transients  and  ease  of  interpreting  computer  results.  Proper 
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voltage  levels  were  then  obtained  by  the  use  of  multiples  or  fractions  of  the 
variables. 


5.  7.  3.  2  Potentiometer  Settings 

A  listing  of  servo-set  potentiometer  settings  and  plant  constants  is 
given  in  APAE  269.  Each  setting  is  stated  in  terms  of  both  plant  symbols 
and  specific  numerical  values. 

5. 7.  3.  3  Analog  Computer  Model  Response 


The  behavior  of  the  integrated  reactor  and  plant  kinetic  equations  have 
.  been  investi^ted  on  the  analog  computer.  Only  the  response  to  load  pertur¬ 
bations  were  considered  since  primary  pressure  variations  due  to  control  rod 
perturbations  would  be  of  less  n&agnitude  than  those  due  to  the  worst  load 
changes  considered. 

The  reaction  of  the  system  temperatures  and  pressure  following  a  step 
reduction  in  load  from  100  to  1  percent  (of  28  mw)  is  shown  in  Fig.  5-4.  For 
ai  pressurizer  volume  of  52.  55  ft^  the  maximum  system  pressure  rise  is 
-t-150  psi, which  occurs  at  150  sec  after  tripping  the  steam  throttle  closed. 

The  maximum  expected  rate  of  increase  of  load  is  5  to  100  percent  in 
60  seconds.  Figure  5-5  shows  the  system  response  to  this  load  increase. 

The  system  essentially  reaches  equilibrium  after  3  min,  during  which  time 
the  system  pressure  dipped  to  a  minimiUni  of  -125  psi. 

5.  7.  4 '  Pressurizer  Sizing 

The  computer  model  considers  the  condensation  of  vapor  on  the  metal 
walls  and  on  the  liquid  interface  rather  than  assuming  adiabatic  compression 
of  the  steam.  During,  thie  outsurge,  flashing  is  considered  to  take  place  with¬ 
in  the  pressurizer,  thhs  aiding  in  reducing  the  size  of  the  negative  pressure 
surge.  For  further  details  see  APAE  Memo  266^1). 

It  has  been  established  in  Fig.  5-4  that  during  a  loss  of  load  from  100 
percent  to  1  percent  the  expansion  of  the  primary  system  coolant  causes  an 
insurge  of  6. 1  ft^  to  enter  the  pressurizer.  Since  it  is  desired  to  limit  the 
positive  pressure  surge  to  +  150  psi,  the  steam  volume  is  derived  using  the 
insurge  volumes.  Entering  Fig.  5-6  at  +  150  psi,  one  obtains  the  ratio  of 
insurge  volume  to  initial  steam  volume  as  0. 159.  Thus  the  initial  steam 
volume  is  38. 4  ft^. 

The  initial  steam  volume  divided  by  the  system  volume  outsurge  of  3.  2 
ft3  for  a  ramp  increase  in  load  5  pervent  to  100  percent  in  60  seconds  gives 
a  ratio  of  12.  0.  Entering  Fig.  5-7  with  this  ratio  one  gets  a  ratio  of  initial 
water  volume  to  surge  volume  of  2.  0  and  an  initial  water  volume  of  6.  4.  The 
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tolal  pressurizer  volume  required  to  limit  the  positive  and  negative  pressure 
surges  within  those  specified  by  design  is  44.  8  ft^.  However,  during  an  out- 
surge,  there  is  not  enough  liquid  to  adaquently  protect  the  heaters  from  damage, 
so  an  additional  7.  7  ft^  of  water  was  added  to  establish  9,  condition  of  having  at 
least  3  in.  of  water  above  the  heaters  at  alf  times.  Thus,  the  total  SM-2  pres¬ 
surizer  volume  is  52.  55  ft^. 

5.  7.  5  Conclusion  and  Recommendations 

A  pressurizer  vessel  containing  38.  7  ft^  of  steam  and  13.  85  ft^  of  water 
was  selected  as  being  adequate  for  any  primary  system  volume  changes  that 
would  be  encountered  in  the  operation  of  the  power  plant,  and  offer  complete 
protection  of  the  heaters  at  all  times. 

The  primary  system  is  designed  under  code  regulations  to  structurally  withstand 
an  internal  pressure  of  2200  psia.  This  design  pressure  provides  for  a  150 
psi  pressure  surge  from  the  normal  operating  pressure  of  2000  psia  without 
tripping  the  high  pressure  scram.  The  pressurizer  design  is,  therefore, 
considered  adequate  to  meet  the  demands  of  extreme  plant  load  perturbations. 


5.  8  DECAY  HEAT  REMOVAL 
5.  8. 1  Introduction 


The  analysis  of  the  processes  taking  place  in  the  SM-2  reactor  during 
decay  heating  is  reported  in  this  section.  The  primary  coolant  pump  is  con¬ 
sidered  to  have  failed  either  because  of  mechanical  malfunction  or  loss  of 
power.  Such  a  failure  would  result  in  a  decrease  in  the  primary  coolant  flow 
rate  and  result  in  a  reactor  scram  initiated  by  the  flow  sensing  device.  The 
reactor  power  due  to  fission  and  prompt  radiation  during  scram  is  governed 
by  the  fundamental  reactor  kinetic  equations  for  a  system  with  a  large  added 
negative  reactivity.  A  sizeable  quantity  of  energy  continues  to  be  released 
after  shutdown  because  of  the  decay  of  fission  products  in  the  core.  The 
complete  problem,  from  initial  pump  failure  to  a  time  when  natural  circula¬ 
tion  has  been  established,  can  be  broken  down  into  two  parts  because  of  the 
nature  of  the  events  taking  place  and  the  difference  in  time  scale. 

Part  I 

■A 

This  period  begins  at  the  instant  of  pump  failure  and  extends  some 
5  or  10  seconds  later  when  natural  circulation  becomes  the  dominant  factor 
in  determining  coolant  flow  rate.  During  this  period  it  is  necessary  to  in¬ 
vestigate  the  temperature  distribution  within  the  core.  The  combination  of 
a  high  heat  flux  in  the  core  before  and  during  the  scram  together  with  the  fact 
that  the  coolant  flow  rate  is  decreasing  very  rapidly  produces  a  situation  vi^ere 
damage  to  the  core  from  boiling  could  occur.  This  part  is  independent  of  this 
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primary  system  analysis  and  has  been  investigated  under  the  core  design 
contract  and  was  reported  in  APAE  No.  69. 

Part  2 

• 

The  sepond  period  begins  when  flow  due  to  natural  circulation  becomes 
greater  than  that  due  to  pump  coastdown.  It  continues  until  all  temperatures 
are  decreasing  and  is  referred  to  as  the  decay  heat  removal  problem. 

The  coupled  nature  of  the  problem  arises  describing  the  following  si¬ 
multaneous  processes. 

A.  Primary  coolant  mass  flow  rate  decreases  as  its  kinetic  energy 
is  converted  to  thermal  energy  by  mechanical  friction  through  the 
pipe  loop.  The  decreased  fluid  velocity  results  in  increased  pip¬ 
ing  lags  through  the  loop  and  decreased  heat  transfer  characteristics 
of  both  the  core  and  the  steam  generator.  Eventually  flow  is  est¬ 
ablished  by  natural  circulation  dependent  on  the  physical  configura¬ 
tion  of  the  system  and  differences  in  fluid  densities  at  specific 
points. 

B.  The  core  outlet  temperature  tends  to  decrease  because  of  the  re¬ 
duction  in  fission  power  output,  the  decreased  heat  transfer 
characteristics  of  the  core  and  the  release  of  energy  due  to  fission 
products  will  to  some  extent  cause  a  temperature  increase  in  the 
core. 

C.  Energy  is  removed  from  the  system  through  the  steam  generated  in 
the  heat  exchanger.  The  amount  of  heat  that  can  be  removed  is  de¬ 
pendent  upon  the  load  applied  to  the  steam  generator  and  the  amount 
of  water  in  the  secondary  of  the  steam  generator. 

5.8.  2  Nomenclature 

2 

A  Flow  or  heat  transfer  area,  ft 

b  Pump  coastdown  characteristics 

Cp  Specific  heat  at  constaht  pressure,  Btu/lb°F 
d  Vertical  distances,  ft 

g  Acceleration  due  to  gravity,  ft/sec^ 

G  Mass  flow  rate,  Ib/hr-ft^ 

1* 

H(o)  Head  drop  around  coolant  loop  under  steady  state  conditions,  ft.H20 
L  (t)  Load  factor  of  steam  generator  power  output,  dimensionless 
Nj^y  Nusselt  number 

Npj.  Prandtl  number 
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5.  8.  3  Basic  Kinetic  Equat|ions  for  Decay  Heat  Removal  Analysis 
5.  8.  3. 1  Thermal  Kinetics  of  the  Core 


The  core  design  for  the  SM-2  is  a  two  pass  system  with  the  flow  direct¬ 
ed  upward  in  each  pass.  Within  each  pass,  the  fuel  plates  and  the  coolant  are 
treated  as  separate  lumped  systems. 

The  following  assumptions  were  made  for  this  analysis  of  the  core 

A.  The  time  of  coolant  tiransient  through  the  core  is  small  compared  to 
the  magnitude  of  the  dther  delays  in  the  system. 

B.  The  temperature  difference  across  the  core  can  be  effectively  re  - 
placed  by  the  arithmetic  mean  temperature  difference. 

C.  Fuel  plates  are  considered  to  be  at  a  mean  temperature  and  the  dif¬ 
ference  between  the  mean  fuel  plate  temperature  and  the  mean  fuel 
plate  temperature  and  the  mean  coolant  temperature  is  proportional 
to  the  heat  transferred.  The  proportionality  factor  is  the  heat 
transfer  coefficient  times  heat  transfer  area; 


Pd=("A>o  GtC  (») 

A  heat  balance  can  be  performed  on  the  fuel  plate  in  which  the  storage  rate 
is  equal  to  the  heat  generation  rate  minus  the  heat  transfer  rate.  This  yields  for 
the  first  pass: 

dTx 

WxCx  (t)  =  20X  Q(t)  =  V^Ax  (Tx(t)  -  Ta  (t)  )  (2) 

The  heat  transfer  coefficient  is  considered  to  be  a  function  of  the  first 
rate  as  expressed  by  the  turbulent  heat  transfer  equation  of  Nusselt; 

%U  =  “  °  “•  "'re'  °  ‘"pr' 

where 


Nre  =  Reynolds  Number  = 

M* 

NpR  =  Prandtl  Number 
NRe  Reynold's  Number 
P  Pressure,  Ibs/ft^ 


(3) 
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Q  (t)  Power  output  of  core  Btu/sec 
R  Flow  rate,  Ibs/sec 


t  Time^  sec 

T  Temperature,  °F  » 

U  Heat  transfer  coefficient,  Btu/sec  -^F-ft^ 

V  Volume,  ft^ 

W  Weight,  lb 
X  linear  pipe  length,  ft 
Z  Vertical  disturbance,  ft 

CC  Fraction  of  power  generated  in  fuel  plates  and  cladding 
If  volume  coefficient  of  expansion  for  primary  coolant,  ftV°F 
0^  Fraction  of  core  power  produced  in  first  pass 
0,  Fraction  of  core  power  produced  in  second  pass 
0  Temperature  difference  at  design  load,  ®F 
(f  Time  lag,  sec 
P  Density  of  fluid,  Ibs/ft^ 

5.  8.  3.  2  Subscripts 

A  Mean  core  coolant  condition,  first  pass 
B  Mean  core  coolant  condition,  second  pass 
C  Mean  core  coolant  condition, 

D  Design  condition  during  steady  state  operation  at  full  power 
E  Mean  exchanger  tubing  condition 
F  Mean  fuel  plate  condition 
F  Pipe  friction  factor 

G  Mean  steam  generator  condition,  primary  tube  side 
i  Summation  index 
o  Initial  condition 
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P  Resistance  due  to  pump  friction 

S  Main  steam  conditions  in  generator  corresponding  to  saturation 

X  Mean  fuel  plate  condition  in  the  first  pass 

y  Mean  fuel  plate  condition  in  the  second  pass 

1  to  9  Thermodynamic  properties  at  points  shown  in  the  schematic  Fig.  5-8. 

Thus,  the  following  relationship  would  hold: 

'  0.8 

(4) 

■  ♦ 

For  convenience  of  solution  on  the  analog,  the  exponent  0.  8  can  be  replaced 
by  unity.  This  will  be  conservative  when  the  ratio  (R/Rq)  is  less  than  one 
(i.  e.  a  number  less  than  unity  raised  to  the  0.  8  power  is  gireater  than  the 
number  itself), 

The  resulting  lumped  equations  for  the  fuel  plates  and  the  average  cool¬ 
ant  temperature  in  the  first  pass  become: 


R 

lRci 


dT„  (t)  a0x  Q  (t)  P. 


dt 


Wx  Cy  WjjCx^fcx 


R 


u^o. 


Tx  (t)  -  (t) 


(5) 


dT^  (t) 
dt 


(1-  a)0xQ(t) 


WaCa 


WaCaftcx 


R 


Tx  (t)  -  Ta  (t) 


R 

"w. 


Tg  (t)  -  Ti  (t) 


(6) 


A  further  simplification  of  (6)  can  be  made  by  assuming  that  all  of  the 
fission  product  energy  is  released  by  the  core.  It  has  been  proven'®'  that  the 
amount  of  decay  heat  generated  in  the  coolant  channel  surrounding  a  plate  is  of 
the  order  of  magnitude  of  1.  5  percent,  therefore  (X  is  assumed  to  be  unity. 
Similar  equations  were  written  for  the  second  pass. 


5.  8.  4  Thermal  Kinetics  of  the  Steam  Generator 

The  steam  generator  is  considered  as  a  lumped  system  in  in  much  the 
same  manner  as  the  core.  The  additional  assumption  that  the  thermal  capacity 
of  the  tubes  be  lumped  with  the  secondary  fluid  can  be  made  for  simplicity. 
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steam  Sto^o*!!***  ““  »««  of  the 


d  Tg  (t)  Cg  R 


dt 


OTs(t)  (UgAe)o 


T7(t)  -  Tgft) 


<Vg)„ 


WgCg 


lRqJ 


Tg(t)  -  Tg(t) 


(V 


WgCe  +  WgCg  L 


■r  ■ 

' 

-Rq. 

Tq  ft)  -  Tjft) 

QdL(t) 


Qt(+) 


(8) 


WeCj.  f  WjCj 


to  thel^c^^lLVranrto^he^?  ^^^feirfe" 
combined  to  form  the  heat  sink  appLTt“ee JilTry 


(FUr  «5Tflr  plenum  or  mixing  chambers  in  the  SM-2  primary  system 

The  core  inlet  Dlenum  Thamh”^  outlet  and  the  steam  generator  inlet  and  outlet. 

as  an  e«e«ll'’^rh?oowtrplpi^^^^^^  ““  *>* 

enerXla“?S«:^^^^^  miittng  occnrs  m  the  chamber,  an 


Rg^t) 

T8(t) 

iiL 


Rg  ft)  Te  ft)  -  Rg(t)  Tg(t)j  =  ^0  ["'a.  '^9ftj 

J  dt 


(0) 


Wg,  9  (t) 

Rg  (t) 

Rg  (t) 


where 


then 


Rg(t)  =  Rg  (t)  =  R 
Wg,  9  (t)  =  Wg^  9 
RT8(t)-RT9(t)  =  W8[9 


dT9  (t) 


dt 


(10) 
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The  fluid  flow  velocity  profile  in  the  primary  piping  exhibits  a  profile 
that  is  essentially  flat  and  the  mathematical  relationship  of  the  transport  leg 
can  be  e3q)ressed  in  terms  of  slug  flow. 


+  ^9, 1^  "  *^9 

r9_i  =  Wj_i/R 

Tg,  3)  =  T3(t) 

7"  2, 3  “  '*'2,  3/** 

(t+  r5,6)  =  T5(t) 

(11) 

By  combining  the  first  order  lag  of  the  mixing  chamber  and  the  transport 
lag  of  connected  piping  with  the  equation  defining  arithmetic  mean  temperature 
one  arrives  at: 

dTiit+Toi)  2  11 

- ^  =  TiTg  Tg  (t)  T,  (t)  T,  it  .  (12) 


dt 


Tg  (t)  =  Tg  (t  +  3)  =  2Ta  (t)  -  Tj  (t) 

1 


dTg  (t  +  T5  6)  2 

— - ^  ^ — Tb  (t)  -  _  T3(t)  _  Te(t  .r  g) 

®  '4, 5  '4, 5  '4, 5 


(13) 

(14) 


The  piping  delays  were  reprpented  on  the  analog  computer  by  means  of 
second  order  Fade  delay  circuits. '®) 


5.  8.  6  Coolant  Flow  Analysis 


The  rate  of  change  of  momentum,  of  an  element  of  fluid  is  equated  to  the 
sum  of  the  forces  acting  on  it.  These  forces  are  gravity,  friction  and  fluid 
inertia.  These  forces  all  tend  to  resist  the  flow,  and  correspond  to  pressures 
that  must  be  balanced  by  the  pump  during  steady  state  operation.  (®) 


(APp)=  I 

i 


AXi 

Aig 


(15) 
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In  order  to  apply  this  to  the  reactor  model,  the  following  assumptions 
are  made: 

The  coolant  is  an  incompressible  fluid. 

The  increments  of  pipe  length  are  suffidiently  short  so  that  the  integral 
around  the  loop  may  be  replaced  by  a  sum  over  the  element  of  length 

The  density  of  the  fluid  at  a  specific  temperature  can  be  measured  re¬ 
lative  to  a  reference  density  (  q)  by  the  following  relation  involving  the 
volume  e:q)anslon  coefficient  of  the  fluid. 

Pi  (t)  =  Po  -  7Ti  (16) 

The  temperature  at  any  instant  between  two  adjacent  points  defined 
in  Fig.  5-8  varies  linearly  with  position. 

Trahsposing  (16)  to.  solve  for  change  in  flow  rate:* 

A  Xi  dR.  „ 

1  -  — I  (Apj-(Ap,), -p,  Az  (17) 

i  Aig'  dt  i  ^  111 


Even  though  this  equation  is  for  steady  state,  it  is  applicable  after  pump 
failure.  However,  for  the  case  of  a  frozen  impeller,  the  pressure  resistance 
of  the  pump  is  a  negative  quantity. 


To  evaluate  the  static  pressure  term,  a  simplified  view  of  the  system 
was  used  (Fig.  5-9)  with  the  convention  that  flow  in  an  upward  direction  was 
positive.  Starting  at  the  reactor  inlet  and  performing  a  sum  over  the  ele¬ 
ments  of  piping  calculation,  one  obtains, 
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Substituting  (16)  into  (18),  the  following  relation  is  obtained; 

•  LlJ  +  dl  dn~Lrn  do-do 

-Z  Pi  AZj  =7  - )  T,  (t)  -  (i-2.)  Tjft)  +  (— )  Tg(t) 

i  •  L  2  2  2 

Lp  +  do  do  -  Lfj  di  “do 

+  ( - )  T7(t)  -  ( - )  Tg  (t)  +  ( - )  T  (t)  (19) 

2  2  2  ® 

The  term  involving  friction  pressure  drop  in  (17)  may  be  written  as: 


The  e3qx)nent  2  stems  from  basic  turbulent  flow  relations  for  pressure  drops 
in  piping.  V’ith  this  substitution,  (17)  becomes; 

(  AP(  +  Ap  )  f-!-]  ^  ^ 


^  A  i  g 


5.  9  ANALOG  MODEL  FOR  DECAY  HEAT  REMOVAL 


5.  9. 1  Analog  Circuit 


The  analog  circuit  diagram  used  in  this  analysis  is  shown  in  Fig.  5-10. 

A  time  scale  of  one  computer  second  equal  to  three  real  seconds  has  been 
chosen  for  this  simulation.  This  was  a  compromise  between  the  short  response 
time  required  by  the  electronic  multipliers  to  avoid  drifting  and  the  long  re¬ 
sponse  time  of  the  delay  circuits  to  avoid  instability.  The  response  of  the  delay 
circuits  was  empiric£llly  verified  subject  to  the  perturbations  imposed  by  this 
problem. 

An  amplitude  scaling  factor  of  one  volt  equals  one  physical  quantity  was 
chosen.  Multiples  of  quantities  were  generated  to  keep  voltages  within  the  +  100 
volt  limit  imposed  by  the  analog  computer. 


5.  9.  2  Plant  Constants 


The  plant  constants  calculated  from  final  design  drawings  are  given 
below. 


Cc  = 

1. 175 

Btu/lb  °F 

Wa 

= 

83.74 

lbs 

Cg  = 

0. 13 

Btu/lb  Op 

Wb 

= 

104.0 

lbs 

Cp  = 

0.  1185 

Btu/lb  Op 

We 

= 

6848 

lbs 

1. 185 

Btu/lb  Op 

Wx 

= 

378.3 

lbs 

= 

2.0x10"®  sec 

= 

331.1 

lbs 

Pd  = 

2000 

psi 

Wg 

= 

1565 

lbs 

Qd  = 

26.  538 

Btu/sec 

Wl 

= 

5437 

lbs 

Rd  = 

852. 1 

Ibs/sec 

W2,3 

= 

582.9 

lbs 

Tl  = 

500.  5° 

Op 

W4,5 

= 

1264 

lbs 

Ti-4  = 

512.  30 

Op 

W5,6 

= 

373.  7 

lbs 

"^SD  " 

462.  8° 

Op 

W6^7 

= 

659.8 

lbs 

T4  = 

525.  0° 

Op 

We,  9 

675.4 

lbs 

= 

1.  6957 

ft3 

Wg^l 

= 

1048 

lbs 

Vb  = 

2.  1364 

ft® 

0Pfcl 

= 

17. 10 

Op 

= 

31.90 

ft® 

0PC2 

= 

32.  30 

Op 

Vl  = 

110.9 

ft® 

6  GS 

= 

49.  2 

Op 

^3  " 

11.776 

ft® 

R 

= 

11.  76 

Ibs/sec 

V4,5  = 

26232 

ft® 

Ro 

= 

20.  00 

Ibs/sec 

V5,6  = 

7.  754 

ft® 

(Ap,)o 

= 

13.  55 

lbs/ft2 

V6^7  = 

13.  69 

ft^ 

= 

31.  30 

Btu/  sec-ft® 

\9  = 

13.  61 

ft® 

Vy'o 

= 

24.  35 

Btu/sec-ft® 
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Vg,  1  =  21. 13 
Hg  =  113.9 
H'o  =  224. 9 

7[~=  53.25 


ft 

ft 


0^1 

02 


26. 54  Btu/sec-ft^ 
0.  405 
0.  595 


5.  9.  3  Potentiometer  Settings 


The  values  of  potentiometer  settings  used  in  this  simulation  are  given 
below.  Both  the  actual  magnitude  and  the  physical  quantities  are  given. 


1 

2/10 

0.  2000 

21 

I.C.  Tb(o) 

0.  2816 

2 

12(3R/W2,  3)2 

0.  0440 

22 

36(R/W9^  1) 

0.  4040 

3 

12(3R/W2^  3)2 

0.  0440 

25 

2/10 

0.  2000 

4 

36(R/W2^  3) 

0.  7261 

26 

2/10 

0.  2000 

5 

18(R/W2^  3) 

0.  3631 

29 

3  (R/Wg  7) 

0.  0535 

6 

18(R/W2,  3) 

0.  3631 

30 

Time  to  Function  on 
Gen. 

0.  0030 

8 

6(APf)o/N 

0.  2464 

31 

5/10 

0.  5000 

9 

16(d3-dj)/N  Rq 

0.  0607 

32 

18(R/W9^  j) 

0.  2020 

10 

15(d3-d2)/NRo 

0.  0139 

33 

I.  C.  Amp  28 

0. 1570 

12 

15(d2-Lg)/N  Rq 

0.  0192 

35 

3  (R/Wg  ,y) 

0.  0535 

13 

84  2/WyC^ 

0. 1231 

37 

I.  C.  T7  (0) 

0.  2590 

14 

6  (UvAy)./WyCy 

0.  3724 

38 

I.  C.  Tx(o) 

0.  3230 

15 

I.C.  Ty(0) 

0.  6046 

39 

6  (U3jA3j)q/WxCx 

0.  4225 

17 

15(LG+d3)/NRo 

0.  3346 

40 

840i/Wx  Cx 

0.  0765 

18 

15(Lq+  d3)/NRo 

0.  3346 

41 

6  (UxA^)o/WaCa 

0. 1909 

19 

6  (UyAy)o/WBCB 

0. 1196 

42 

6  Ro/Wa 

0.  5277 

20 

6  Ro/Wb 

0. 1154 

43 

I.  C.  Ta  (0) 

0. 1521 

4- 


-i 
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44 

I.  C.  Tg  (o) 

0. 1295 

58 

6  (UoAq)o/W(jC(j 

0.  0859 

46 

15(Lj.  +  di)/N  Rq 

0.  0659 

•  59 

6  (UQA(3)o/(WECg-WgCg)  0.  0217 

47 

I.C,  10(R/Ro) 

0. 0568 

60 

3Qo/(WECE/WgCs) 

0. 0011 

49 

6  (R/W4.5) 

0.  0558 

61 

36(R/Wg_6) 

0. 1133 

50 

3  (R/W4.5) 

0.  0279 

62 

I.C.  Tg(o) 

0. 1295 

51 

3  (R/W4.5) 

0.  0279 

63 

6  (R/Wg-g) 

0. 1045 

52 

I.C.  T6(o) 

0. 2590 

64 

3  (R/Wq_9) 

0. 0522 

53 

12(3R/W5.q)^ 

0.  0107 

65 

3  (R/Wq_9) 

0.  0522 

54 

12(3R/Wg.6)2 

0.  0107 

67 

12(3R/W9_3^)2 

0.  0125 

55 

18(R/W5.e) 

0.  5664 

68 

12(SR/W9_j)2 

0.  0125 

56 

18(R/W5.6) 

0. 5664 

69 

18(R/W9_j) 

0. 2020 

57 

6R0/W 

0.  0767 

70 

1/20 

0. 0500 

5.  9. 4  Initial  Condition  for  the  Analog  Simulation 

(7) 

It  has  already  been  established^  '  that  the  most  serious  loss  of  flow  ac¬ 
cident  is  the  frozen  pump.  Therefore  all  pbtehtiometer  calculations  have  been 
made  for  the  condition  of  frozen  rotor.  It  is  conceivable  that  in  the  case  of  such 
an  accident  the  initial  m^n  coolant  temperatures  for  the  decay  heat  problem 
might  be  higher  than  their  steady  state  values,  so  computer  solutions  were  ob¬ 
tained  assuming  a  lO^F  rise  in  steady  state  temperatures.  The  time  to  start  the 
problem  was  taken  as  5  sec  after  scram. 

The  secondary  of  the  SM-2  will  provide  at  least'a  rate  of  power  absorption 
of  3  percent  for  100  min  (or  5  percent  for  60  min)  and  with  the  boiler  feed  pump 
operative  a  rate  of  power  absorption  of  5  percent  for  an  indefinite  period  time. 
The  simulation  has  been  investigated  applying  both  3  percent  and  5  percent  to  the 
>  secondary  of  the  steam  generator. 
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V 


5.  9.  5  Energy  from  the  Decay  of  Fission  Products 

The  source  of  heat  to  the  reactor  during  this  phase  after  pump  failure 
is  from  the  decay  of  fission  products.  This  quantity  has  been  evaluated  in 
the  form  of  Wigner's  formula  with  constants  fitted  from  recent  data;(8)(10)(ll) 

^  =  0.  05225  t"^'  ^  -  0.  05225  (t  +  t’  )  ^ 

where 

t  =  time  after  reactor  shutdown  (sec) 

t'  =  total  time  of  core  operation  (sec) 

Qq  =  reactor  initial  power  (Btu/sec) 

Q(t)  =  reactor  power  at  time  t  seconds  after  shutdown  (Btu/sec) 


In  adapting  this  heat  input  term  for  analog  computation,  the  function  was 
calculated  for  t*  equal  to  400  days  and  set  into  the  function  generator. 

5.  9.  6  Results 

The  transient  response  of  the  kinetic  model  was  determined  for  the  condi¬ 
tion  of  frozen  or  locked  pump  impeller  assuming  the  secondary  of  the  steam 
generator  is  a  heat  sink  capable  of  removing  3  and  5  percent  of  total  load.  Ana¬ 
log  recordings  are  shown  in  Figs.  5-11  (3  percent  sink)  and  5-12  (5  percent  sink). 

The  analog  simulation  shows  that  with  3  percent  of  full  power  being  remov¬ 
ed  by  the  secondary  system  the  temperatures  around  the  loop  are  oscillating 
about  the  steady  state  values.  At  no  time  during  the  first  12  minutes  does  any 
temperature  rise  more  than  35^  above  steady  state  conditions. 

If  5  percent  of  full  power  is  removed  by  the  secondary  system  the  tempera¬ 
tures  are  decreasing  7  to  8  min  after  pump  failure.  Again  the  temperatures  have 
only  risen  a  maximum  of  35°  above  the  steady  state  conditions. 

5,  9.  7  Conclusions 


When  5  percent  load  is  absorbed  by  the  secondary,  the  primary  system 
temperatures  have  risen  to  a  maximum  of  35°F  above  steady  state  and  are  de¬ 
creasing  8  minutes  after  scram.  At  least  5  percent  power  will  be  absorbed  by 
the  auxiliary  equipment  indefinitely.  Therefore,  it  is  concluded  that  the  SM-2 
plant  can  satisfactorily  dissipate  the  decay  heat  following  a  loss  of  flow  accident. 
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Fig.  5-3  Circuit  Wiring  Diagram  -  Analog  Computer  -  SM-2 
Plant  Kinetics 
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SM-2  DECAY  HEAT  REMOVAL  WITH  3%  OF  FULL  POWER  APPLIED  TO  SECONDARY  SYSTEM,  FROZEN  PUMP  CONDITION 

(INITIAL  MEAN  TEMPERATURE  OF  COOLANT  IM  EACH  PASS  IO*F  HIGHER  THAN  STEADY  STATE) 
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6.0  VAPOR  CONTAINER 


6. 1  SELECTION  OF  CONTAINER  CONCEPT 

The  choice  of  the  vapor  container  type  and  size  resulted  from  the 
study  presented  in  APAE  No.  63 This  study  compared  a  number  of 
feasible  vapor  container  concepts  with  respect  to  cost,  space  require¬ 
ments  of  equipment,  maximum  internal  pressure  after  the  maximum 
credible  accident,  secondary  shielding,  fuel  handling,  ASME  Code  require¬ 
ments,  ease  of  maintenance,  ease  of  construction,  ease  of  access,  and 
ease  of  inspection  and  testing.  The  comparison  led  to  the  selection  of  a 
20  ft  ID  vertical  cylinder  with  ellipsoidal  base  and. hemispherical  top. 

6.  2  VAPOR  CONTAINER  DESCRIPTION 

The  construction  material  of  the  cylindrical  container  will  be  SA-212, 
Grade  B  steel.  The  vapor  container  will  be  partly  below  natural  grade 
level  for  approximately  three-eighths  of  its  height  and  will  be  supported  by 
a  concrete  foundation  as  shown  in  Dwg  M  11594-56.  The  loadings  from  the 
primary  system  equipment  within  the  vapor  container  is  transferred  evenly 
to  this  foundation  through  a  concrete  foundation  which  fills  the  elliptical 
bottom  of  the  vapor  container. 

The  overall  height  of  the  vapor  container  will  be  55  ft  as  dictated  by 
the  maximum  internal  pressure,  the  maximum  height  of  the  primary  shield- 
tank  and  the  minimum  height  between  shield  tank  and  crane  hook  as  required 
for  the  fuel  hkndling  tools. 

Bracing  inside  the  vapor  container  will  be  provided  as  dictated  by 
final  site  fuel  conditions.  Catwalks,  supports,  and  tie-down  loads  are  con¬ 
templated  as  transferred  to  the  shell  through  this  bracing. 

Secondary  shielding  outside  the  vapor  container  will  be  provided  by 
earth  backfill  which  will  surround  the  vapor  container  from  top  to  foundation 
(see  Dwg  M  11594-56).  Above  natural  grade  level,  the  backfill  contour  will 
have  the  appearance  of  a  cone  frustum . 

The  spent  fuel  tank  will  be  located  some  distance  from  the  vapor  con¬ 
tainer  to  allow  minimum  interference  with  the  earth  backfill  above  natural 
grade  level  and  to  keep  tank  height  to  a  minimum.  The  spent  fuel  tank  will 
be  a  shop-fabricated  unit  ready  for  emplacement  and  will  act  as  the  inside 
form  for  a  concrete  pit.  The  pit  will  be  covered  by  a  rolling  concrete  cover. 
Horizontal  transfer  of  the  spent  fuel  elements  from  the  shield  tank  inside  the 
vapor  container  to  the  spent  fuel  tank  will  be  accomplished  by  sled  actuation 
through  a  6-in  pipe  with  a  manually  operated  snake  as  shown  on  Dwg  M 11594-59. 
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A  crib  wall  or  concrete  retaining  wall  will  retain  the  backfill  above 
natural  grade  in  the  plane  where  the  backfill  would  interfere  with  access 
to  the  spent  fuel  tank  and  access  to  the  top  for  a  mobile  crane. 

« 

A  7  ft  diameter  quick-opening  hinged  closure  is  located  in  the  top 
of  the  vapor  container  to  allow  access  to  the  vapor  container  from  the 
top  for  the  removal  of  equipment  within  the  vapor  container.  Access  for 
maintenance  will  be  through  a  door  at  the  ground  level.  A  polar  crane 
will  be  located  in  the  top  of  the  vapor  contain&r  for  internal  service. 

All  service  penetrations  are  sealed  and  designed  to  withstand  the 
maximum  internal  pressure.  Electrical  penetrations  are  shown  on 
Dwg  M  11594-74. 

6. 3  VAPOR  CONTAINER  FOUNDATION  AND  DRAINAGE 

Soil  bearing  values,  ground  water  level  and  excavation  conditions  have 
been  assuhied  as  favorable  both  for  construction  and  plant  economy.  The 
assumed  site  would  drain  toward  the  lake  shore  about  500  ft  distant  with  a 
favorable  natural  slope.  Footing  and  foundation  designs  contemplate  a  mini¬ 
mum  bearing  value  of  the  soil  of  4000  Ib/ft^,  Foundation  drainage  and  pro¬ 
tection  from  ground  water  pressure  would  be  secured  through  the  use  of 
gravel  filled  gravity  flow  drains.  Ail  foundations  would  be  membrane  or 
mopped  asphalt  coating,  water  proofed  on  the  outside.  Perforated  drain  tiles 
would  be  used  in  the  bottoms  of  all  gravel  filled  drainage  media.  All  wall  and 
foundation  drains  would  tie  into  outfalls.  Basement  flows  would  be  poured  over 
a  gravel  blanket  with  drainage  provided  as  above. 

Should  test  borings  of  the  building  site  indicate  rock,  an  alternate  sub¬ 
structure  design  and  drainage  plan  would  be  necessary.  If  the  site  conditions 
are  such  that  good  drainage  of  the  backfill  surrounding  the  vapor  container 
cannot  be  obtained,  the  vapor  container  shell  must  be  protected.  This  will  be 
done  by  erecting  a  cylindrical  concrete  retainer  wall  concentric  with  the  cylin¬ 
drical  vapor  container  shell,  and  integral  with  the  concrete  foundation  of  the 
vapor  container.  The  concrete  retainer  wall  will  then  retain  the  backfill  rather 
than  the  vapor  container  shell.  No  major  changes  would  be  required  to  the 
vapor  container  itself. 

Access  openings,  pipe  penetrations  and  spent  fuel  pit  can  stay  in  approxi-  ^ 

mately  the  same  location  (Dwg.  M  11594-56). 

6 . 4  SECONDARY  SfflE LDING  MATERIALS 

Secondary  shielding  for  the  SM-2  will  be  provided  by  concrete  and  earth 
backfill.  The  vapor  container  will  be  partly  below  natural  grade  level.  The  re¬ 
actor  will  be  below  the  natural  grade  level.  Earth  backfill  will  surround  the 
vapor  container  from  top  to  bottom  (Dwg.  M  11594-56). 
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The  secondary  shield  is  designed  to  permit  no  more  than  0. 75  mr/hr 
exterior  to  the  vapor  container  during  normal  full  power  operation.  There 
will  also  be  sufficient  secondary  shielding  to  limit  the  dose  rate  to  7. 5  mr/hr 
outside  an  exclusion  area  after  a  maximum  credible  accident. 

Except  for  the  top  opening  and  the  connection  with  the  demineralizer 
room  there  is  a  minimum  of  8  ft  of  dirt.  This  is  sufficient  shielding  to 
lower  the  dose  rate  to  7. 5  mr/hr  after  a  maximum  credible  accident.  The 
top  of  the  vapor  container  will  be  shielded  by  a  removable  concrete  cover. 

A  concrete  wall  between  vapor  container  and  demineralizer  room  will  lower 
the  dose  rate  to  7.  5  mr/hr  after  a  maximum  credible  accident. 

6.  5  VAPOR  CONTAINER  INTEGRITY 

The  function  of  the  vapor  container  is  to  contain  the  fluids  and  radio¬ 
active  materials  released  from  the  primary  and  secondary  system  compon¬ 
ents  upon  a  maximum  credible  accident. 

The  vapor  container  shell  has  to  be  designed  to  withstand  the  internal 
peak  pressure  and  temperature  which  will  develop  inside  the  vapor  container 
upon  release  of  the  pressurized  high  temperature  fluids  from  the  system 
components  after  the  maximum  credible  accident. 

For  the  computation  of  the  internal  peak  pressure  and  the  required  shell 
thickness  to  withstand  this  pressure,  the  following  accident  conditions  have  been' 
postulated. 

A  maximum  credible  accident  has  been  defined  which  assumes  simul¬ 
taneous  rupture  of  the  primary  and  secondary  system.  This  rupture  is  as¬ 
sumed  to  occur  during  idlii^  conditions  of  the  plant,  when  the  temperature  of 
the  fluids  in  primary  and  secondary  system  are  equal.  A  maximum  probable 
accident  has  been  defined,  which  assumes  rupture  of  the  primary  system  only 
during  idling  conditions  of  the  plant. 

The  ASME  Code  allowable  stress  of  17,  500  psi  for  SA-212,  Grade  B 
steel  shall  not  be  exceeded  for  the  internal  pressure  e2q>erienced  during  this 
maximum  probable  accident.  For  the  maximum  credible  accident  conditions, 
the  code  stress  shall  not  exceed  80  percent  of  the  minimum  yield  strength  of 
the  plate  material  (35,000  psi  for  SA-212,  Grade  B  steel). 

It  is  felt  that  since  the  loading  as  caused  by  the  maximum  credible  ac¬ 
cident  will  occur  only  once  during  the  lifetime  of  the  container,  the  allowable 
stress  can  be  safely  fixed  at  a  higher  percentage  of  the  minimum  yield  strength 
of  the  plate  material. 

The  volumes  available  for  expansion  of  the  fluids  within. the  container  have 
been  calculated  for  the  maximum  probable  accident  and  ma^mum  credible 


accident,  and  appear  in  Volume  n.  After  determination  of  the  we^ht  and 
thermal  conditions  of  the  fluids  in  the  system,  the  specific  volume  and  peak 
pressure  of  the  fluids  after  the  accident  can  be  determined,  assuming  con¬ 
stant  internal  energy  before  and  after  the  accident.  The  calculation  method 
fully  described  in  AP  Note  78(2)  has  been  used  to  determine  the  internal 
peak  pressure. 

The  air  traiqped  in  the  container  during  the  accident  is  assumed  to  be 
at  120OF  and  14. 7  psia  prior  to  rupture.  An  absolute  partial  vapor  pressure 
P«  is  assumed  following  completion  of  blowdown.  The  corresponding  equi- 
li^ium  temperature,  T^.  of  the  liquid,  vapor,  and  air  can  be  found  from  the 
steam  tables.  The  partfql  Air  pressure  can  then  be  determined  from  the  re¬ 
lationship 

Pa  =  Po  Te  (1) 

To 

where  Pq  and  Tq  are  the  ordinal  container  absolute  pressure  and  temperature. 
The  total  peak  pressure  is  found  by  adding  the  two  partial  pressures. 

The  total  water  weight  (W)  and  the  energy  (U),  contained  in  the  system  (s) 
are  known.  Division  of  the  energy  by  the  weight  yield  is  the  average  water 
energy  per  pound  (Uj„). 

The  mixture  quality  can  be  determined  from 

=  Uf  +  X  Ujg  (2) 

The  specific  volume,  Vm  of  the  mixture  follows  from 

^  XV  jg  (3) 

Since  the  specific  volume  of  the  mixture  is  known  from  the  start,  the  trial 
value  can  be  compared  with  the  actual  value.  The  peak  pressure  then  can 
be  found  from  a  graphical  presentation  of  peak  total  pressure  versus  specific 
volume  for  various  values  of  average  internal  energy.  Calculations  for  the 
SM-2  vapor  container  are  presented  in  Volume  n.  A  tabulation  of  the  im¬ 
portant  data  follows. 


SM-2  VAPOR  CONTAINER  DATA 


Internal  diameter,  ft  20 

Total  height,  ft  55. 5 

Required  plate  thickness  for  internal  peak  pressure,  in 

Cylindrical  section  1. 0 

Hemispherical  section  0. 5 

Ellipsoidal  section  1. 0 

Gross  volume,  ft  ^  15710 

Net  volume,  ft^ 


♦ 
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SM-2  VAPOR  CONTAINER  DATA  (Cont’d) 


After  maximum  probable  accident 
After  maximum  credible  accident 
Internal  energy,  Btu  (10)^ 

After  maximum  probable  accident 
After  maximum  credible  accident 
Peak  pressure,  psia 

,  After  maximum  probable  accident 
After  maximum  probable  accident 
Temperature,  °F 

After  maximum  probable  accident 
After  maximum  credible  accident 
Plate  material 
Allowable  code  stress,  psi 
Minimum  yield  strength,  psi 


11803 

11940 

4;  520 
6.882 

112 

140 

332 

342 

SA-212,  Grade  B 
17,500 
35,000 


The  vapor  container  also  has  to  be  designed  for  external  loadings. 
Since  the  actual  site  conditions  are  not  known  at  this  time,  the  external 
loading  cannot  be  established.  The  vapor  container  as  designed  for  in¬ 
ternal  peak  pressure  will  be  braced  inside  the  shell  against  external  load¬ 
ings  as  dictated  by  the  site  conditions. 

6. 6  MISSILE  PROTECTION  PHILOSOPHY 


The  missile  protection  philosophy  is  based  on  the  selection  of  objects 
which  have  potential  of  becoming  missiles,  analysis  of  the  level  of  kinetic 
energy  which  may  be  imparted  to  the  objects,  and  protection  against  pene¬ 
tration  of  the  vapor  container  by  those  objects  which  can  attain  sufficient 
kinetic  energy  to  become  penetration  hazards.  The  calculations  of  missile 
velocities  are  contained  in  Volume  H  of  this  report. 

6. 6. 1  Selection  of  Possible  Missiles- 


Any  object  attached  to  primary  piping  and  vessels  and  e3q)osed  to  high 
pressure  coolant  fluid  may  become  a  missile.  The  primary  vessels  may 
also  develop  missile  potential.  Objects  selected' for  analysis  as  missiles 
include  the  following: 

a)  Primary  vessels  -  reactor,  pressurizer,  and  steam  generator 

b)  Reactor  and  pressurizer  covers 

c)  Safety  valves  on  the  pressurizer 

d)  Electric  heaters  in  the  pressurizer 
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e)  Thermocoiq>le  and  resistance  bulb  wells 

f)  Plugged  weldolets  and  threadolets 

g)  Blanked  drain  connections 

h)  Level  controls  and  pressure  conifections 

6. 6. 2  Calculation  of  Kinetic  Energy  of  Missiles 

The  energy  imparted  to  a  missile  by  an  impulse  thrust  is  expressed 
mathematically  by: 


Ir  (Uj  -  V^)  ds 


where 


KE  =  kinetic  energy  of  the  missile,  ft-lb 
Mj.  =  mass  flow  rate  of  fluid  impinging  on 
the  missile,  slugs/sec 
Uj  =  local  jet  velocity,  ft/sec 

=  local  missile  velocity,  ft/sec 
S  =  distance  traveled,  ft 

The  mass  flow  rate  and  local  jet  velocity  depend  upon  the  size  of  open¬ 
ing  for  the  jet  and  the  thermodynamic  process  of  the  escaping  fluid.  The 
calculations  are  based  on  an  isentropic  e>q)ansion  of  fluid  at  a  total  jet  angle 
of  60^.  It  is  assumed  that  there  is  no  slip  between  steam  and  water  droplets 
in  the  jet.  The  missile  is  assumed  to  repiain  in  contact  with  the  jet  at  least 
as  far  as  the  distance  required  for  the  jet  to  e}q)and  to  atmospheric  pressure. 
Maximum  velocity  of  the  missile  occurs  when  all  the  energy  of  the  missile  is 
kinetic  energy  of  translation  with  no  rotation.  These  conditions  are  met  when 
the  missile  eposes  minimum  projected  area  to  the  jet  stream.  When  an  area 
larger  than  the  minimum  is  e;q)osed  to  the  impulse  of  the  yet,  instability  will 
cause  rotation  of  the  missile.  In  order  to  simplify  the  calculations  and  to  give 
a  conservative  evaluation,  the  area  at  the  throat  of  the  jet  was  taken  equal  to 
the  minimum  projected  area  of  the  missile.  In  all  cases,  the  missile  velocity 
in  (1)  may  be  neglected. 

The  initial  state  of  the  fluid  is  saturated  liquid  in  the  case  of  e;q)ansion 
from  the  pirimary  coolant  and  dry  and  saturated  steam  in  the  case  of  e3q)ansion 
from  the  steam  volume  of  the  pressurizer.  The  pressure  at  the  throat  of  the 
jet  (assumed  to  be  the  opening  in  the  vessel  or  piping)  is  taken  as  critical  pres¬ 
sure  equal  to  0.  58  of  the  initial  pressure.  The  condition  of  state  of  the  fluid 
is  calculated  from  steam  properties.  From  these  properties,  the  jet  velocity 
is  determined  by  the  enthalpy  drop  for  an  isentropic  expansion  by: 


223.7 
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where  is  the  initial  enthalpy  and  h|  is  the  isentropic  enthalpy  at  any  given 
point  in  the  jet.  The  mass  flow  rate  from  the  throat  is: 

M,  =  PUt  At  (3) 

where  P  is  the  throat  density  In  slugs/ft^,  and  ut  and  At  are  velocity  at 
throat  and  area  of  the  throat.  The  mass  of  fluid  impinging  on  the  missile  is: 

Mj.  =  mp  Ap  (4) 

where  m^.  is  the  mass  flow  rate  at  the  throat,  Ap  is  the  minimum  projected 
area  of  the  missile  (assumed  equal  to  the  throat  area  of  the  jet),  and  Aj  is 
the  local  jet  cross-sectional  area  which  increases  in  a  geometric  relationship 
to  throat  area.  The  ratio  of  Ap/Aj  and  the  local  jet  velocity,  uj ,  thus  become 
unique  functions  of  distance  from  die  throat  of  the  jet.  Unfortunately,  the  total 
function  indicated  in  (1)  is  not  readily  int^rable.  The  use  of  Simpson's  Rule 
can  give  a  very  close  approximation,  and  this  method  is  used  in  the  analysis. 

In  the  case  of  reaction  thrust,  the  potential  kinetic  energy  is  taken  as 
the  total  available  energy  of  the  fluid  within  the  missile  for  the  fluid  eiqpanding 
isentropically  from  initial  state  to  atmospheric  pressure. 

When  the  jet  opening  in  a  primary  vessel  is  large  compared  to  the  vessel 
itself,  a  sudden  decompression  will  result.  The  methods  of  shock  hydrodynamics 
are  used  to  calculate  jet  velocity.  The  fluid  expands-  isentropically  across  a 


where  u  is  jet  velocity,  P  is  fluid  density,  Pq  is  initial  fluid  pressure  and 
Pf  is  the  pressure  after  the  rarefaction  wave.  A  compression  wave  is  propa¬ 
gated  outward  in  atmospheric  air  ancj^the  particle  velocity  of  air  is  given  by: 


where  Ug  is  air  velocity,  Cq  is  local  speed  of  sound  in  air,  f  for  air  is  1.4, 

Pr  is  the  pressure  of  the  compression  wave  equal  to  the  pressure  of  the  rare¬ 
faction  wave,  and  is  atmospheric  pressure.  At  the  interface  between  the 
jet  fluid  and  air  the  velocities  must  be  equal;  that  is,  (5)  and  (6)  define  identi¬ 
cal  velocities.  If  the  density  of  the  fluid  is  e>q>ressed  as  a  function  of  pressure 
ratio  of  the  shock  wave  and  for  the  pressure  Pr,  the  resulting  solution  for  Pr 
may  then  be  used  in  (5)  to  solve  for  jet  velocity.  The  methods  described  above 
are  then  used  to  calculate  missile  kinetic  energy. 
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6. 6. 3  Protection  Against  Vapor  Container  Penetration 

The  ability  of  a  missile  to  penetrate  the  vapor  container  depends  upon 
its  kinetic  energy  at  impact,  its  shape,  and  the  area  involved^ at  the  point  of 
impact.  Where  these  factors  have  combined  to  present  a  penetration  hazard, 
protection  against  penetration  must  be  taken  either  by  shielding  the  eiqposed 
area  of  impact  or  by  holddown  of  the  objects  to  prevent  missile  action. 

Penetration  of  the  steel  shell  which  forms  the  vapor  container  is  based 
on  the  Stanford  Research  Institute  form ulh  for  penetration  using  rod-like 
missiles.  The  equation  defining  energy  for  penetration  of  mild  steel  is: 

e  =  16500  t2  +  1500  T  (7) 

where  e  is  the  missile  kinetic  energy  per  unit  diameter  of  missile  in  ft-lbs 
per  inch  and  T  is  wall  thickness  of  the  container  in  inches.  A  conservative 
approach  is  used  by  assuming  that  the  missile  strikes  the  container  at  its 
minimum  diameter  so  that  the  value  of  e  in  (7)  is  a  maximum  for  a  given 
missile. 

6. 6. 4  Protection  Against  Small  Objects  as  Missiles 

In  no  cash  did  the  analysis  indicate  that  small  objects  present  a  pene¬ 
tration  hazard.  The  following  tabulation  summarizes  calculated  missile 
velocities  and  the  corresponding  velocity  for  penetration  of  the  vapor  con¬ 
tainer. 


COMPARISON  OF  MISSILE  VELOCITY  TO 
PENETRATION  VELOCITY 


Item 

Weight  (lb) 

Actual 

Velocity 

ft/sec 

Penetration 

Velocity 

ft/sec 

Thermocouple  and  well 

5 

70 

580 

Thermocouple  well 

2.5 

100 

820 

Plugged  threadolet 

1 

160 

1300 

Heater  in  pressurizer 

5.7 

60 

540 

Safety  valve  on  pressurizer 

170 

80 

100 

Pressurizer  cover 

600 

140 

♦220 

*  May  be  140  ft/sec  dependii^  on  way  in  which  the  cover  strikes  the 
vapor  container. 

Several  other  small  objects  such  as  the  drain  valves,  level  controls,  and 
pressure  connections  are  comparable  in  diameter  and  weight  to  those  shown  in 
the  table  above. 

The  reactor  cover  is  not  considered  as  a  missile  hazard.  Simultaneous 
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failure  of  all  bolts  is  not  a  realistic  assumption;  sequential  bolt  failure  would 
release  the  pressure  and  tend  to  deflect  the  cover  out  of  the  jet  path,  and  the 
shield  water  above  the  cover  would  exert  a  very  large  viscous  drag  on  the 
cover.  Other  considerations,  such  as  partial  collapse  of  the  jet  as  it  strikes 
the  cold  water  of  the  shield  and  the  inertia  of  the  mass  of  shield  water,  also 
minimize  missile  hazard  potential. 

6.  6. 5  Protection  Against  Primary  Vessels  as  Missiles 


The  pressurizer  vessel,  reactor,  and  steam  generator  will  be  subjected 
to  large  thrust  forces  if  the  vessels  failed  at  their  largest  diameters.  Con¬ 
sequently  these  vessels  will  be  secured  against  missile  action. 

The  maximum  static  thrust  of  the  reactor  due  to  failure  at  its  largest 
diameter  was  calculated  as  8, 5  (10)°  lb.  The  vessel  will  be  secured  against 
this  force  by  the  radiation-  shields  which  are  welded  to  the  base  plate. 

The  maximum  thrust  of  the  steam  generator  was  found  to  be  9.3  (10)^  lb. 
This  vessel  will  be  secured  against  this  force  by  hold-down  devices  to  the  base 
plate  and  by  spring-loaded  devices  attached  to  the  vapor  container. 

The  pressurizer  can  develop  a  total  force  of  2. 244  (10)^  lb.  The  retain¬ 
ing  members  will  be  designed  for  this  force. 


o 
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7.0  SKIDS 


7. 1  DESCRIPTION 

The  primary  system  skid  and  the  primary  system  auxiliary  skid 
are  designed  as  shop  assembled  units  representing  the  maximum  combination 
of  components  to  form  a  single  package  meeting  shipping  size  limitations 
ft  of  high  pressure  complex  equipment.  This  configuration  of  structure  is 

dictated  by  the  specific  requirements  of  the  components  attached,  the  shipping 
loading  conditions  of  8G's  fore  and  aft,  8G's  vertical,  and  5G's  lateral, 
the  installed  loading  and  operating  conditions  and  the  seismic  dynamic  load¬ 
ing  forces  of  the  plant  site.  The  primary  skid  weighs  99, 464  lbs;  the  auxili¬ 
ary  skid  27,  500  lbs. 


7,2  PRIMARY  SKID  (Dwgs.  M-11594-65  and  M-11594-66) 

The  primary  skid  is  placed  inside  the  vapor  container  and  forms  the 
basic  unit  of  the  power  complex  in  that  the  reactor,  lower  and  upper  shield 
tanks,  control  rod  drives,  steam  generator  shielding,  primary  piping, 
and  primary  coolant  pump  are  all  mounted  on  this  structure.  The  skid  is 
secured  to  the  concrete  footing  with  anchor  bolts  to  insure  bearing  for 
transfer  of  the  loads  to  the  foundation. 


7.  3  PRIMARY  SYSTEM  AUXILIARY  SKID 


The  primary  system  auxiliaries  skid  (Dwgs.  M-11 594-67  and  M-11594-64) 
is  located  in  the  demineralizer  room.  This  placement  provides  the  close 
arrangement  to  the  primary  skid  within  the  vapor  container  and  served  by 
the  elements  on  the  auxiliary  skid. 

The  auxiliary  skid  structure  is  designed  as  a  rigid  base  for  the  pumps, 
tank  filters,  piping  manifolds,  heat  exchangers,  demineralizers,  boron  tank, 
control  valves  and  electrical  station.  This  compact  and  intricate  combination 
of  pipes,  valves,  pumps  and  tanks  provide  for  ease  of  operation  and  service. 
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8. 0  PRIMARY  SYSTEM  COMPONENTS 

/  I 

8. 1  STEAM  GENERATOR 


♦ 

# 


8. 1. 1  Description 


The  steam  generator  is  a  vertically  oriented  shell  and  tube  heat  ex¬ 
changer  mounted  on  the  primary  skid  inside  the  vapor  container.  Steam  to 
run  the  turbine  and  the  secondary  system  auxiliaries  is  produced  on  the  shell 
side  by  heat  from  the  higher  temperature  primary  water  circulatiilg  in  the 
tubes.  Design  calculations  for  the  steam  generator  are  contained  in  Volume  2. 

The  shell  side  of  the  steam  generator  is  divided  into  a  boiling  section 
and  superheating  section  separated  by  a  vertical  steel  baffle  plate  (Dwg.  M 
11594-41). 

The  shell  consists  of  a  vertical  cylinder  of  49  in.  dia,  1-1/2  in.  thick. 

An  ellipsoidal  head  is  welded  to  the  top  of  the  cylinder  and  the  tube  sheet  is 
welded  to  the  bottom  of  the  cylinder.  The  shell  and  tube  assembly  is  connected 
to  a  channel  and  can  be  removed  from  this  channel  for  shipment  or  maintenance 
purposes. 

The  channel  consists  of  steel  hem ispheye.,  stainless  steel  clad,  and  a  stejBl 
flange.  It  is  divided  in  two  Compartments  by  a  partition  plate,  Four-inch  inspection 
openings.j?ri)ylde  access  to  each  compartment  for  tube  plugging  and  inspection. 
The  channel  has  a  14  in.  inlet  and  a  16  in.  outlet  connection.  A  1  in.  drain 
connection  will  be  located  in  the  bottom  of  the  channel.  A  notch  in  the  par¬ 
tition  plate  above  the  drain  connection  will  allow  some  water  flow  between  the 
two  compartments,  thus  preventing  harmful  crud  accumulation  in  the  dead 
corners  near  the  partition  plate. 

The  tube  bundle  consists  of  678  U-bends,of  which  606  U-bends  are  lo¬ 
cated  in  the  boiling  section  and  72  U-bends  in  the  superheater  section.  The 
tubes  are  arranged  in  triangular  pitch  and  are  made  of  type  304  ss.  The  tube 
size  is  3/4  in.  16  BWG.  The  678  U-bends  include  the  tube  surface  required 
to  permit  plugging  of  5  percent  of  the  tubes  in  boiling  and  superheater  section 
during  the  lifetime  of  the  steam  generator. 

In  the  boiling  section  of  the  steam,  generator,  the  riser  is  formed  by  the 
space  enclosed  by  a  42  in.  ID  shroud  around  the  tube  bundle  and  the  shell  par¬ 
tition  plate  which  separates  the  boiling  section  from  the  superheater  section. 

The  downcomer  is  the  annular  space  between  shroud  and  shell.  It  is  separated 
from  the  superheater  section  by  the  same  partition  plate. 

The  steam -water  mixture  emerging  from  the  riser  during  operation  leaves 
the  riser  through  a  radial  fan-type  separator  which  induces  separation  of  steam 
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and  water  by  dentrifugal  action.  The  separated  water  flows  into  the  down¬ 
comer  and  the  steam  rises  to  the  inlet  of  the  steam  purifier,  which  is  mount¬ 
ed  in  the  top  of  the  boiling  section.  The  purifier,  which  operates  on  the  princi¬ 
pal  of  centrifugal  action,  delivers  essentially  dry  steam  to  the  superheater 
section  of  the  steam  generator  under  normal  operating  conditions. 

The  recirculated  water  mixes  with  the  feedwater  in  the  top  of  the  down¬ 
comer.  The  feedwater  inlet  consists  of  a  4  in.  diam  perforated  pipe  (torus) 
around  the  shroud  in  the  widened  portion  of  the  downcomer.  This  pipe  will 
distribute  the  colder  feedwater  evenly  over  the  entire  cross  section  of  the  f 

downcomer.  The  presence  of  the  colder  feedwater  in  the  top  of  the  downcomer 
will  aid  in  the  prevention  of  liquid  level  swell  due  to  steam  formulation  in  the 
saturated  downcomer  liquid  during  increasing  load  transients. 

A  1-in.  sparger  ring  located  above  the  feedwater  ring  provides  for  sur¬ 
face  blowdown  of  the  steam  generator. 

A  1-in.  syphon  t3q)e  shell  drain  has  been  provided  for  the  boiling  section 
and  also  one  for  the  superheat  section  of  the  steam  generator.  Both  drains 
reach  down  to  the  .bottom  of  the  shell. 

The  recirculated  water  enters  the  riser  in  the  bottom  of  the  downcomer 
through  port  holes  in  the  shroud.  Baffle  plates  are  located  in  the  riser  to  pro¬ 
mote  uniform  flow  and  temperature  distribution.  Four  2  in.  drains  will  drain 
the  accumulated  water  from  the  purifier.  The  ends  of  the  drains  are  located 
in  seal  pots  in  the  downcomer.  A  16  in.  ID  manway  located  in  the  shell  between 
the  two  moisture  separators  provides  access  to  the  boiler  section  of  the  steam 
generator.  The  tube  bundle  of  the  superheater  section  is  enclosed  by  a  shroud, 
by  the  partition  plate  between  superheater  and  boiling  section  and  by  a  plate  in 
the  top.  The  steam  eneters  through  an  opening  in  the  top  part  of  the  shroud. 

Baffle  plates  within  the  superheater  .promote  uniform  flow  and  temperature  dis¬ 
tribution.  The  steam  passes  through  the  tube  bundle  and  escapes  through  an 
opening  in  the  bottom  of  the  shroud  to  the  annular  space  between  shroud  and 
shell  and  from  there  to  the  10  in.  steam  outlet. 

8. 1. 2  Steam  Generator  Data 


Service  of  unit:  Steam  generator  with  superheater 
Surface  per  unit,  f t^:  2905  (3 186  gross) 

Performance  (Overall) 

Shell  Side  Tube  Side 


Fluid 

Total  fluid  entering,  Ib/hr 
liquid,  Ib/hr 
Fluid  vaporized,  Ib/hr 
Blowdown,  Ib/hr 


Water,  steam 

99,372 

99,372 

99,062 

310 


Primary  water 
7800  gpm 
3,050,000 
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Performance  (Overall)  Cont*d 


Shell  Side 

Tube  Side 

Specific  Heat  liquid,  Btu/lb/°F 
Temperature  in,  ”F 

1. 181 

339:3 

527:7 

Temperature  out,  ^F 

486.2 

502.6 

Operating  pressure,  psia 

480  (outlet) 

2000 

Number  of  passes  per  shell 

1 

2 

Pressure  drop,  psl 

12. 0* 

Fouling  resistance 

.0003  (overall) 

Heat  exchanged,  Btu/hr 

90,495,000 

Construction 

Design  pressure,  psia 

950 

2200 

Test  pressure,  psia 

1425 

3300 

Design  temperature,  ‘^F 

600 

600 

Tubes 

Material 

SA-213  type  304 

Number/O.D./BWG 

678  U’s/3/4”/16  BWG 

Pitch,  (ih, ) 

1 

Arrangement 

Triangular 

Shell 

Material 

SA-312-B 

ID  (in.) 

49 

Thickness,  (in.) 

1.5 

Shell  cover  material 

SA-212-B 

Channel  material 

SA-212-B,  SS  clad  type  304 

Tube  sheet  material 

SA-105n,  SS  overlay. 

type  304 

Connections 

Shell  in,  (in. ) 

4 

Shell  out,  (in. ) 

Channel  in,  (in.) 

10 

14 

Channel  out,  (in. ) 

16 

Performance  Data  (Boiling  Section) 

Total  fluid  entering,  Ibs/hr 

99,372 

2,766,000 

liquid 

99, 372 

99,062 

2,766,000 

Fluid  vaporized 

Blowdown 

310 

Based  on  5  percent  of  tubes  plugged 
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•  Spec,  heat  liquid 
Temperature  in 
Temperature  out 
.Operating  pressure,  psia 
Number  of  passes  per  shell 
Velocity,  ft/sec 
Pressure  drop,  psi 
Fouling  resistance 
Surface,  ft^ 

Heat  exchanged,  Btu/hr 
MTD  (corrected), 

Transfer  rate  (service),  Btu 

Hr,  Ft2,OF 


Shell  Side 


339;  3 
464.5 
488  (avg.) 


.0003  (overall) 
2518  (2750  gross) 
88,600,000 
48.4 
728 


Tube  Side 

1.181 

527.7 

500.6 

2000 

2 

13. 1 

12.0 


Construction  (Boiling  Section) 


Tubes 

Material 

Number/OD/BWG 
Average  length,  (in. ) 


SA-212,  TP  304 
606  U’s  3/4  in.  16  BWG 
126  straight 


Performance  Data  (Superheat  Section) 


Fluid 

Total  fluid  entering,  Ibs/hr 
Vapor 
Liquid 

Temperature  in,  °F 
Temperature  out,  ®F 
Operating  pressure,  psia 
Number  of  passes 
Velocity,  ft/sec 
Pressure  drc^,  psi 


Steam 
99, 062 
99, 062 

464.5 

486.2 

480  (outlet) 


Primary  water 
283, 600 

283, 600 
527.7 
522. 1 
2000 
2 

11.3 

12.0* 


Fouling  resistance 
Surface,  ft^ 

Heat  exchanged,  Btu/hr 
MTD  (corrected),  °F 
Transfer  (service) 


.  0003  (overall) 
387  (436  gross) 
1,  891, 000 
49. 1 
99.5 


Construction  (Superheat  Section) 


Tubes 

Material 

Number/OD/BWG 
Average  length,  (in.) 

*  Based  on  5  percent  of  tubes  plugged 
8-4 


SA-21^i  Tp  304 
72  U’s,  3/4  in.  16  BWG 
168  (straight) 
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8. 2  PRESSURIZER 


The  pressurlzer  has  two  basic  functions.  During  normal  operating 
conditions,  it  maintains  pressure  over  the  entire  primary  circulating 
system.  This  is  accomplished  by  keeping  the  contained  water  at  the  satur¬ 
ated  temperature,  corresponding  to  the  primary  system  pressure. 

The  pressurizer  also  suppresses  pressure  excursions  during  transients. 
The  pressurizer  volume  contains  38. 8  ft^  of  steam  and  13, 85  ft^  of  water  and 
>  is  sufficiently  large  to  prevent  excessive  pressure  fluctuations.  Design  is 

such  that  water  level  will  never  be  less  than  3  in.  over  the  heaters.  Instan¬ 
taneous  change  in  rated  load  from  100  percent  to  1  percent  results  in  pressure 
rise  of  150  psi,  while  load  increase  from  5  percent  to  100  percent  in  60  sec  . 
results  in  pressure  decrease  of  125  psi.  For  additional  details  on  transient 
behavior  of  the  pressurizer,  refer  to  APAE  Memo  266. 

The  pressurizer  (Dwg.  M  11594-40)  is  a  carbon  steel,  vertically  mount¬ 
ed  cylindrical  vessel  closed  with  two  SC  hemispherical  heads.  All  surfaces  in 
contact  with  the  primary  water  (vapor)  are  overlayed  with  stainless  steel  (3/16 
in.  thick  min).  Design  (operating)  pressures  and  temperatures  are  2200  psig 
and  650^F  (2000  psig,  OSO^F)*^  A  16  in.  diam  manhole  is  provided  at  the  top 
of  the  vessel  to  permit  any  repairs  on  the  vessel  interiors  (heater  tubes,  and 
the  like).  The  top  hemisphere  ^Iso  contains  a  3  in.  -  2500  lb  N.  N.  flanged  con¬ 
nection  for  one  safety  valve  assembly  consisting  of  two  1-1/2  x  2-1/2  in.  safety 
valves.  The  number  of  safety  valves  is  in  accordance  with  Code  requirements 
(Case  1271'-N). 

Two  thermocouples  located  96°  apart  complete  the  number  of  penetrations 
located  in  the  upper  hemisphere.  The  cylindrical  portion  of  the  vessel  consists 
of  an  upper  section,  containing  a  2  in.  cooling  nozzle  connected  to  the  14  in.  pri¬ 
mary  piping  (on  pump  discharge  side),  and  a  lower  section,  containing  26  in. 
heaters,  each  rated  at  1-1/2  KW.  This  section  is  thick  enough  to  provide  the 
necessary  reinforcement  for  heater  penetrations.  Heater  units  are  of  bayonet 
type,  enclosed  by  stainless  sjteel  tubes  (.  570  ID  x  (880  OD),  with  replaceable 
cartridges.  They  are  arranged  in  two  horizontal  planes  3  in.  apart  with  heat¬ 
ers  in  each  plane  (Section  B-B  on  Dwg.  M  11594^40). 

Power  (480  V)  to  the  electrical  heaters  is  supplied  through  two  1-1/4  in. 
penetrations  located  in  each  of  2  terminal  boxes.  Heaters  are  wired  in  3  banks, 
two  with  9  heaters  each  and  1  bank  with  8  heaters.  During  normal  operating 
conditions,  only  a  fraction  of  the  total  heater  capacity  installed  is  needed.  This 
is  accomplished  by  voltage  regulation. 

Heaters  are  supported  by  a  3/8  in.  stainless  steel  baffle,  located  on  pres¬ 
surizer  and  welded  to  the  vessel  through  a  flexible  member  (Section  BB  on  Dwg. 
M  11594-40).  This*  became  necessary  in  view  of  the  differential  e:q)anslon  be¬ 
tween  the  b^fle  and  reactor  vessel. 
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Four  1  In.  connections  have  been  provided  for  two  level  controller, 
with  two  upper  connections  located  25  in.  above  the  normal  water  level. 

The  3  in.  nozzle  on  the  bottom  of  the  pressurizer  provides  for  a  3  in  pipe 
connection  with  the  primary  piping.  The  nozzle  is  equipped  with  a  perfor:- 
ated  baffle,  directing  the  flow  of  cold  insurge  water  (during  transients) 
deep  into  the  vessel  interior.  It  protects  the  vessel  wall  from  rapid  cool¬ 
ing  around  the  nozzle,  thus  preventii^  thermal  stress  buildup. 

The  pressurizer  ih  located  outside  the  primary  skid  and  has  its  own 
supporting  structure  to  which  it  is  bolted.  Field  welding  will  be  required 
for  3  in.  connection  with  the  primary  piping.  It  weighs  10, 320  lbs  (empty) 
and  has  4  in.  thick  block  insulation  (calcium  silicate). 

8. 3  PRIMARY  PUMP 

The  primary  coolant  pump  circulates  primary  cooling  water  throi^h 
the  closed  primary  coolant  loop.  The  pump  is  a  single  stage  centrifugal 
unit,  and  has  a  vertical  shaft,  bottom  suction,  clockwise  rotation  when 
looking  down  on  the  volute,  a  horizontal  discharge  and  a  canned  rotor  for 
zero  leakage.  The  motor,  volute -closure  and  impeller  are  assembled  and 
removed  as  a  unit.  The  volute  nozzles  are  butt -welded  into  the  piping  loop. 
The  motor  assembly  is  equipped  with  a  heat  exchanger  capable  of  keeping 
the  armature  operating  at  a  safe  temperature.  The  pump  is  designed  for 
a  7800  gpm  flow  with  a  114.2  ft  IDH  and  a  temperature  of  500. 5^F,  and  is 
driven  by  a  440  volt,  3  phase,  60  cycle  300  hp  motor.  The  approximate  di¬ 
mensions  and  general  outline  of  the  pump  are  shown  on  Dwg  M  11594-37. 
The  materials  will  meet  the  requirements  set  forth  in  ALCO  Specification 
Number  ALCO-S-47,  dated  August  25,  1960. 
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9. 0  PRIMARY  SYSTEM  AUXIUARIES 


« 

9. 1  PRIMARY  MAKE-UP  SYSTEM 


The  primary  make-up  system  functions  to  replace  primary  system 
fluid  which  is  blown  down,  to  provide  a  means  for  the  addition  of  chemicals 
to  the  primary  system,  and  to  provide  cooling  for  the  control  rod  drive 
seals. 

Make-up  water  is  added  to  the  primary  system  through  a  connection 
in  the  14  in.  dia  piping  between  the  primary  coolant  circulating  pump  and 
the  reactor  vessel.  Cooling  water  to  the  control  rod  drive  seals  is  added 
at  a  constant  rate  through  a  manifold  to  each  seal  housing.  The  rate  of 
make-up  to  the  primary  system  is  controlled  by  the  water  level  in  the 
primary  system  pressurizer.  Make-up  and  cooling  water  is  mainly 
demineralized  and  filtered  primary  blowdown,  with  fresh  water,  also  filter¬ 
ed  and  demineralized,  added  to  replace  losses.  The  make-up  water  is 
stored  in  the  primary  make-up  tank  under  a  blanket  of  hydrogen  at  30  psi. 

A  detailed  description  of  the  circuitry  and  controls  is  given  below,  and  a 
line  diagram  of  the  primary  circuit  is  shown  on  Dwg.  M -11 594-52. 

Two  constant  volume  primary  make-up  pumps,  one  operating  and  one 
on  standby,  take  suction  from  the  primary  make-iq)  tank.  Discharge  is 
through  a  filter  to  two  parallel  lines,  one  feeding  the  control  rod  drive  seals 
and  the  other  providing  make-up  to  ^e  primary  circulating  loop. 

Each  primary  make-up  pump  is  valved  on  both  suction  and  discharge 
sides  to  permit  isolation  for  servicing,  and  each  pump  discharge  line  contains 
a  check  valve  to  prevent  backflow. 

Pressure  relief  valves  are  also  provided  at  the  discharge  of  each  pump. 
These  valves  relieve  to  the  primary  make-up  tank  and  function  to  prevent 
damage  to  the  pumps  in  the  event  that  either  is  started  with  its  discharge 
valve  closed. 

Controls  are  provided  to  automatically  start  the  standby  pump  in  the 
event  of  failure  of  the  operating  pump.  Annunciation  of  a  pump  failure  is 
made  at  the  control  console.  Indication  lights  at  the  control  console  show 
which  make-up  pump  is  operating.  The  filter  downstream  of  the  make-up 
pumps  functions  to  collect  particles  of  pump  packing  or  other  foreign  matter 
to  prevent  possible  clogging  in  the  control  rod  drive  seal  cooling  branch. 

The  branch  line  to  the  control  rod  drive  seals  contains  a  pressure 
control  valve.  This  valve  is  controlled  by  differential  pressure  between 
primary  system  and  the  control  rod  drive  seal  branch  line  and  operates  to 
maintain  a  fixed  pressure  differential  at  the  control  rod  drive  seals  to  insure 


that  the  direction  of  flow  is  into  the  reactor  vessel  from  the  rod  drive  housing. 
This  line  also  has  a  bypass  around  the  differential  pressure  control  valve 
which  contains  a  standby  differential  pressure  control  valve.  Globe  valves 
upstream  of  both  pressure  control  valves  permit  isolation  of  either  for 
servicing.  The  branch  line  feeding  make-up  to  the  primary  system  relieves 
to  the  primary  make-up  tank  through  two  pressure  reducing  valves. 

Globe,  check,  and  gate  valves  are  located  immediately  outside  of  the 
vapor  container  on  the  primary  make-up  and  seal  cooling  branch  lines. 

The  check  valves  prevent  backflow  from  within  the  vapor  container.  The  globe 
and  gate  valves  permit  isolation  of  the  check  valves. 

The  need  for  chemical  addition  to  the  primary  system  is  determined  by 
sampling  the  make-up  water  in  the  primary  make-up  tank,  and  by  analysis  of 
the  primary  blowdown.  A  sample  cooler  is  provided  for  sampling  from  the 
primary  make-up  line  downstream  of  the  make-up  pumps.  A  portable  pump 
is  used  for  this  service. 

Hydrogen  is  added  to  the  system  by  use  of  an  addition  flask  located  in 
a  branch  line  downstream  of  the  primary  muke-up  pumps. 

9. 2  PRIMARY  BLOWDOWN  SYSTEM 

The  primary  blowdown  system  functions  to  remove  impurities  suspended 
in  the  primary  system  coolant,  and  to  prevent  the  buildup  of  crud  and  radio¬ 
activity  which  could  create  hot  spots  in  the  primary  loop.  This  is  accomplished 
by  continuous  removal  and  treatment  of  a  portion  of  the  primary  coolant. 

Solids  will  tend  to  settle  out  of  the  circulating  fluid  in  low  velocity  areas. 
The  two  areas  where  this  condition  is  most  likely  to  occur  are  at  the' bottom 
of  the  reactor  vessel  and  the  steam  generator  channel.  Consequently,  the 
primary  system  is  blown  down  at  these  points.  Continuous  blowdown  is 
maintained  from  the  bottom  of  the  reactor  vessel  and  the  steam  generator 
channel  is  blown  down  intermittently.  The  total  blowdown  rate  is  392  Ib/hr. 

Fluid  taken  from  the  steam  generator  and  the  reactor  vessel  is  taken 
to  the  outside  of  the  vapor  container  by  separate  lines.  Globe  valves,  trip 
valves,  and  radiation  monitors  are  connected  in  these  lines  immediately 
outside  of  the  vapor  container.  The  radiation  monitors  serve  as  sentinels 
of  the  activity  of  the  fluid  being  blown  down,  and  operate  alarms  at  the 
control  console  if  the  activity  reaches  dangerous  levels.  The  trip  valves  are 
connected  so  that  they  will  close  when  a  scram  is  initiated.  The  globe 
valves  serve  to  isolate  those  portions  of  the  lines  which  contain  trip  valves 
and  radiation  monitors  for  servicing. 

Motor  control  valves,  operated  from  the  control  console,  regulate 
the  rate  of  blowdown  from  each  of  the  lines.  Manually  operated  globe  valves 
in  series  with  the  motor  control  valves  serve  to  isolate  these  valves  for 
servicing,  and  may  also  be  used  to  regulate  the  blowdown  rate. 
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The  blowdown  is  then  passed  through  the  primary  blowdown  cooler 
where  its  temperature  is  reduced  to  ^proximately  llO^F.  Cooling  of  the 
blowdown  is  required  to  prevent  damage  to  the  demineralizers  downstrc^am 
of  the  blowdown  cooler. 

A  pressure  reducing  station  is  located  immediately  downstream  of  the 
primary  blowdown  cooler.  The  pressure  of  the  blowdown  is  reduced  to 
approximately  125  psi.  A  bypass  line  containing  a  pressure  reducing 
orifice  and  pressure  gauges,  plus  key-operated  globe  valves  in  series  with 
and  parallel  to  the  pressure  reducing  valve,  permit  isolation  of  the  pressure 
reducing  valve  for  servicing.  A  pressure  alarm,  pH  indicator,  and  local 
temperature  indicator  are  located  immediately  downstream  of  the  pressure 
reducing  station.  The  pressure  alarm  signals  the  operator  at  the  cohtrol 
console  if  high  blowdown  pressure  exists  downstream  of  the  pressure  reducing 
station.  A  pressure  relief  valve  is  also  provided  at  this  point  and  vents  to 
the  hot  waste  receiving  tank. 

A  solenoid  valve,  located  immediately  downstream  of  the  pressure 
reducing  station,  is  operated  by  the  conductivity  cell  downstream  of  the 
demineralizer.  High  conductivity,  and  the  operation  of  the  solenoid  are 
recorded  at  the  control  console. 

An  area  type  flow  meter  indicates  blowdown  rate  at  this  point.  A  bypass 
line  and  isolation  valves  are  also  provided  for  servicing  this  equipment. 

From  the  flow  meter,  ^e  blowdown  is  passed  thru  a  pressure  regulating 
valve  to  the  filter  inlet  header. 

A  branch  line  upstream  of  the  pressure  reducing  valve  diverts  some 
of  the  flow  for  oxygen  and  hydrogen  analysis.  The  diverted  fluid  is  first 
passed  thit)ugh  the  oxygen  analyzer,  and  then  on  through  a  cooler  to  the 
hy^ogen  analyzer.  The  fluid  is  then  returned  to  the  filter  inlet  header. 

In  addition  to  the  main  blowdown  line  and  the  diversion  line,  two  other 
lines  feed  into  the  filter  inlet  header.  They  are  the  control  rod  drive  seal 
leakage  line  and  the  fresh  water  make  up  line.  All  lines  feeding  into  the 
filter  inlet  header*  are  provided  with  check  valves  to  prevent  backflow. 

Filters  in  parallel  take  fluid  from  the  filter  inlet  header  and  discharge 
to  the  demineralizer  inlet  header.  The  primary  demineralizers  are  also 
connected  in  parallel,  and  the  fluid  is  passed  through  them  to  another  header 
connecting  to  a  second  set  of  filters.  These  filters  pick  up  any  resin 
carryover  from  the  demineralizers,  and  deliver  filtered  and  demineralized 
water  to  the  primary  makeup  tank. 

Each  demineralizer  and  filter  is  valved  on  both  inlet  and  outlet  to 
facill^te  use  of  any  combination  of  one  upstream  and  downstream  filter  and 
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and  one  demineralizer.  Pressure  gauges  are  provided  on  the  demineralizer 
inlet  and  outlet  headers,  and  on  the  filter  outlet  header.  The  demineralizer 
discharge  header  is  connected  to  the  hot  waste  drain  line  through  a  globe 
valve.  The  return  line  to  the  primary  make-up  tank  contains  a  flow  meter , 
pH  indicator  check  valve,  and  sampling  valve  in  addition  to  the  conductivity 
cell  previously  mentioned. 

9. 3  PRIMARY  PURIFICATION  MAKE-UP  SYSTEM 
9.3.1  Primary  Purification  Loop 


The  total  dissolved  and  suspended  solids  in  the  primary  coolant  will  be 
maintained  below  two  ppm.  This  will  be  accomplished  by  diverting  continuously 
approximately  one  gpm  (two  gpm  maximum)  of  primary  coolant  from  the 
bottom  of  the  reactor  vessel  (and  intermittently  from  the  bottom  of  the  steam 
generator)  through  a  purification  loop.  Only  one  blowdown  line  will  be  oper¬ 
ated  at  a  time.  In  the  purification  loop  the  coolant  passes  successively 
through  a  pre-filter,  a  mixed  bed  demineralizer,  and  an  after  filter.  The 
pre-filter  is  used  to  remove  most  of  the  suspended  solids  while  the 
demineralizer  removes  dissolved  as  well  as  any  remaining  suspended  solids. 
The  after  filter  prevents  any  resin  fines  from  being  carried  into  the  primary 
system. 

9. 3. 2  Primary  System  Demineralizer 

A  nonregenerative  demineralizer  will  be  utilized.  It  is  estimated  that 
2  ft  3  of  a  nuclear  grade  mixed  bed  resin  contained  in  a  demineralizer  column 
1  ft  diam  and  2.  6  ft  deep  will  have  enough  exchange  capacity  for  at  least 
1  yr  of  continuous  operation  at  the  normal  blowdown  rate.  With  a  maximum 
blowdown  rate,  the  demineralizer  will  have  enough  exchange  capacity  for  at 
least  6  months  of  continuous  operation. 

Without  a  pre-filter,  the  activity  that  would  accumulate  in  a  demineralizer 
operating  at  normal  blowdown  for  one  year  during  the  20th  year  of  plant 
operation  would  require  4. 4  in.  of  lead  shielding  to  attenuate  sufficiently  the 
radiation  from  the  long-lived  radioisotopes.  It  is  expected  tl^t  the  pre¬ 
filter  will  remove  most  of  the  long-lived  radioisotopes,  since  they  occur 
chiefly  as  fine  suspended  particles  in  the  primary  coolant.  Therefore,  the 
shielding  requirements  for  the  demineralizers  should  be  reduced  considerably. 
Even  though  the  pre-filter  may  require  a  considerable  thickness  of  lead 
shielding,  its  overall  physical  dimensions  will  be  much  smaller  than  the 
demineralizer  so  that  it  will  be  easier  to  handle.  However,  final  conclusions 
regarding  the  effectiveness  at  the  pre-filter  will  have  await  the  outcome 
of  the  SM-1  testing  program. 

Other  demineralizer  arrangements  were  considered,  namely  (1)  a  cation 
column  followed  by  a  mixed  bed  column  and  (2)  a  permanently  installed  mixed 
bed  demineralizer.  Since  most  of  the  soluble  long-lived  activity  of  any 
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concern  iiTthe  primary  water  Is  cationic,  a  small  cation  column  (which  has 
a  much  larger  exchange  capacity  for  cations  per  unit  volume  of  resin  then 
does  a  mixed  bed)  would  be  adequate.  Therefore,  if  scheme  (1)  was  used, 
the  mixed  bed  would  serve  merely  to  polish  up  the  water  and  would  require! 
little  shielding  since  it  would  have  relatively  little  accumulated  activity. 

The  cation  bed,  on  the  other  hand,  would  require  a  considerable  thickness 
of  lead  shielding  but  since  it  would  be  comparatively  small,  the  weight  of 
lead  yirould  be  considerably  less.  However,  the  use  of  cation  and  mixed  beds 
would  mean  that  two  different  resin  columns  would  have  to  be  stocked  and 
4  disposed  of  instead  of  one  bed  if  only  a  mixed  bed  demineralizer  was  used. 

In  a  permanently  installed  mixed  bed  demineralizer,  fresh  and  exhausted 
resin  would  be  sluiced  in  and  out  of  a  permanent  resin  column.  The  spent 
resin  would  be  stored  temporarily  in  an  underground  tank  until  it  could  be 
drummed  up  for  shipment  to  a  permanent  disposal  site.  While  mechanization 
of  the  demineralizing  system  would  reduce  handling  problems  considerably, 
it  would  also  introduce  additional  piping,  valves,  tanks,  and  processing 
equipment  into  a  plant  which  is  already  packed  with  equipment. 

It  is  felt  the  objectives  of  the  primary  loop  purification  system  can  be 
best  served  by  a  combine  d  mixed  bed  demineralizer  and  shipping  cask, 
which  would  minimize  the  amount  of  maintenance  and  supporting  equipment. 

9.3. 3  Instrumentation  for  Control  of  Water  Purity 


Instrumentation  for  the  control  of  water  purity  has  been  selected  on 
the  assumption  that  a  very  limited  number  of  personnel  would  be  available 
for  plant  operation.  Therefore,  wherever  possible, in-line  automatic 
instrumentation  will  be  installed.  This  will  eliminate  many  time-consuming 
laboratory  analyses. 

9. 3.  4  Oxygen  Analyzer 


A  continuous  sample  flow  ranging  from  50-100  cc/min  is  diverted 
from  the  primary  blowdown  line  (downstream  of  the  pressure  reducing 
station)  to  an  Industrial  Instrument  oxygen  analyzer  rated  for  operation  at 
pressures  up  to  100  psig.  This  location  gives  a  more  representative 
primary  coolant  sample  than  would  a  sampling  point  downstream  of  the 
primary  demineralizer  outlet  header  where  the  sample  would  contain  seal 
leakage  return  coolant  and  fresh  make-up  water  as  well  as  primary  coolant. 
The  sample  stream  is  returned  to  the  purification  loop  upstream  of  the 
primary  demineralizer  inlet  header  so  that  the  metallic  thallium  ions  which 
have  been  added  by  the  analyzer  will  be  removed  by  the  demineralizer. 

The  instrument  consists  of  a  mixed  bed  demineralizer  cartridge 
for  cleaning  up  the  sample  stream,  followed  in  succession  by  a  conductivity 
cell,  a  reaction  chamber  packed  with  pure  thallium  metal,  and  a  second 
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conductivity  cell.  The  dissolved  oxygen  reacts  with  thallium  to  form  thallous 
hydroxide,  which  increases  the  conductivity  of  the  water.  The  conductivity 
difference  is  related  directly  to  the  oxygen  content  of  the  water.  A  recorder 
keeps  a  continuous  record  ol'the  oxygehr  concentration  and  actuates  an  alarm  if 
the  concentration  exceeds  the  prescribed  limit. 

It  has  been  assumed  that  about  75  percent  of  the  solids  in  the  primary 
coolant  (which  has  been  litiiited  to  2  ppm  total  solids)  are  insoluble.  If  a  sample 
flow  of  100  cc/min  contained  0. 5  ppm  dissolved  solids,  the  resin  bed  would  be 
exhausted  in  about  4  months.  However,  accumulated  activity  rather  than  ex¬ 
change  capacity  will  probably  govern  the  bed's  life  span.  In  the  event  plant  oper¬ 
ation  indicates  that  activity  is  accumulated  too  rapidly  in  the  resin  and  thus  compli¬ 
cating  instrument  maintenance,  a  demineralizer  will  be  installed  upstream  of  the 
analyzer.  Connections  are  provided  for  one.  With  a  sample  flow  of  100  cc/min 
and  an  oxygen  concentration  10  ppb  (the  maximum  allowable  in  the  primary  cool¬ 
ant),  only  10  percent  pf  the  metallic  thallium  in  the  reaction  chamber  will  be  con¬ 
sumed  over  a  6  month  period. 

The  reliability  and  accuracy  of  Industrial  Instrument's  oxygen  analyzer 
will  be  verified  at  SM-1  in  the  near  future.  If  the  testing  program  there  indicates 
the  unsuitability  of  this  analyzer,  another  instrument  can  be  substituted  at  the 
sampling  point  without  introducing  any  significant  changes  in  plant  design.  The 
selection  of  Industrial's  analyzer  seems  justified  in  view  of  its  simplicity  and 
the  possibility  of  reducing  the  volume  of  liquid  wastes  considerably  by  returning 
the  sample  stream  to  the  primary  system  without  introducing  any  supporting 
equipment  (e.g. ,  a  pump,  a  collection  tank  and  a  hydrc^en  purging  system  for 
the  latter). 


'  9, 3.  5  Hydrogen  Analyzer 

There  are  no  commercial  analyzers  available  which  continuously  monitor 
dissolved  hydrc^en  in  the  concentrations  (15-30  cc/1)  that  will  be  maintained  in 
the  primary  coolant.  In  the  absence  of  a  commercial  analyzer,  a  method  of 
hydrogen  analysis  developed  at  KAPL  will  be  adapted  for  use  in  the  SM-2.  While 
the  kAPL  method  is  not  automatic,  the  analysis  is  considerably  less  time-con¬ 
suming  than  conventional  laboratory  methods,  and  its  accuracy  compares  favor¬ 
ably  with  the  latter.  The  analytical  method  may  be  described  briefly  as  follows; 

(1)  Sample  bomb  of  known  volume  is  filled  with  a  pressurized  sample 
of  hydrogenated  water  which  has  been  cooled  to  ambient  tempera- 
ture.  The  sample  will  be  drawn  from  the  oxygen  analyzer  sample 
line. 

(2)  The  water  in  the  sample  bomb  is  allowed  to  e3q)and  by  cracking  a 
valve.  The  e}q)ansion  arises  from  the  decompression  of  the  water 
sample  and  the  release  of  gasses  dissolved  in  excess  of  saturation 
at  atmospheric  pressure.  The  gases  collect  as  a  gas  bubble  in  the 
top  of  the  sample  bomb. 
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The  volume  of  dissolved  gases  coming  out  of  solution  may  be 
expressed  by: 

Vb»E-Cw 

where 

V]3  -  volume  of  dissolved  gas  coming  out  of  solution,  cc 

4  E  =  expansion  volume,  cc 

=  increase  of  same  volume,  due  to  decompression,  cc 

For  operation  of  this  instrument  the  e^qpansion  due  to  decom¬ 
pression  of  the  water  will  be  negligible  because  the  sample  is 
drawn  downstream  of  the  pressure  reducing  station  in  the  primary 
blowdown  line  where  the  pressure  will  probably  not  exceed  100  pis. 

(3)  The  expansion  is  measured  by  allowing  the  water  sample  to  expand 
into  a  measuring  burette. 

(4)  A  known  volume  of  air  is  circulated  through  the  sample  bomb. 

(5)  The  fraction  of  hydrogen  in  the  known  volume  of  air  is  determined 
by  pumping  it  through  a  Cambridge  hydrogen  analyzer,  which 
operates  on  the  thermal  conductivity  principle. 

Knowing  the  sample  volume,  the  volume  of  gas  in  the  sample  bomb 
(the  gas  collected  in  the  top  of  the  bomb),  the  volume  of  air  being  circulated 
through  the  sample,  and  the  fraction  of  hydrogen  in  the  air,  the  dissolved  H2 
concentration  can  be  cfilculated  by 

.  ..  .  _  1000 

H2,  cc/1  a  (Va .+  Vb)  F  X 

where 

Va  =  volume  of  air  circulated  through  sample,  cc 

Vb  =  volume  of  gas  (bubble  at  top  of  bomb)  in  bomb,  cc 

F  =  fraction  of  hydrogen  in  air  as  determined  by  the 
Cambridge  analyzer 

Vg  =  volume  of  sample,  cc 

E  =  expansion  volume,  cc 
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To  the  concentration  of  H2^  calculated  by  thh  Above  equation  must  be. 
added  the  residual  H2  in  the  bomb  sample  at  atmospheric  pressure  arid  at 
the  prevailing  temperature. 

9. 3.  6  Conductivity  Metering 


Industrial  Instruments  conductivity  cells  enable  of  operating  at 
temperatures  up  to  212°F  and  pressures  to  100  psig  are  installed  downstream 
of  the  after  filter  outlet  header  to  detect  the  break-through  point  of  the 
primary  demineralizer  and  in  the  primary  blowdown  line  to  monitor  the 
conductivity  of  the  primary  coblant. 

The  conductivity  cell  is  connected  to  an  indicator  controller.  A  clock- 
type  dial  indicates  the  conductivity  at  the  sampling  point.  An  automatic  cell 
selector  switch  checks  the  sampling  points  sequentially,  about  1  minute 
being  required  for  each  point. 

When  the  conductivity  of  a  sample  stream  exceeds  the  control  setting, 
it  is  indicated  by  a  signal  light  on  the  automatic  cell  selector  panel  board  as 
well  as  by  an  audible  alarm.  Conductivity  sampling  points  in  the  secondary 
system  will  be  tied  in  to  the  same  selector  switch. 

9. 3.  7  pH  Metering 

Beckman  pH  cells  will  be  installed  on  the  discharge  side  of  the  pressure 
reducing  valve  and  on  the  outlet  side  of  the  after  filter  header  in  the  primary 
blowdown  line. 

The  pH  cells  in  the  primary  and  secondary  system  will  be  tied  in  to 
one  continuous  indicating/neter  through  a  sequential  automatic  selector  switch. 
About  20  sec  will  be  required  for  each  sample  point.  A  combined  audible 
alarm  and  signal  light  system  will  alert  the  plant  operator  when  the  pH  falls 
outside  the  prescribed  range. 

9. 3.  8  Chemical  Additives 

9. 3.  8. 1  Hydrazine  Addition 


At  startup,  2  gal  of  2  percent  (by  volume)  hydrazine  solution  is  added 
to  the  primary  system  to  scavenge  oxygen  present  in  the  demineralized  water 
used  to  fill  the  system.  Following  startup,  oxygen  can  enter  the  primary 
system  from  leakage  of  air  through  pumps  and  valves,  primary  in  .the  reactor. 
Oxygen  from  the  first  two  sources  should  be  small  and  hydrogen  gas  present 
in  the  primary  coolant  (15-30  std.  cc/l)  combines  immediately  with  any 
oxygen  present  under  the  catalytic  action  of  gamma  radiation  in  the  core. 
Therefore,  very  little  additional  hydrazine  will  be  required. 
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If  required,  further  batches  of  2  percent  (by  volume)  hydrazine  solution 
will  be  added  until  the  oxygen  analyzer  shows  that  the  oxygen  concentration  is 
being  maintained  below  0. 01  ppm  by  the  combined  action  of  the  dissolved 
hydrogen  and  the  gamma  flux. 

The  hydrazine  is  introduced  into  the  primary  system  from  a  5  gal 
tank  connected  to  the  inlet  manifold  of  the  primary  make-up  pumps. 

9. 3. 8. 2  Boric  Acid  Addition 

Boric  acid  will  be  injected  into  the  primary  system  only  when  malfunction¬ 
ing  of  the  control  rod  system  makes  it  impossible  to  shut  down  the  reactor  plant. 

• 

When  boric  acid  addition  becomes  necessary,  the  solution  is  prepared 
in  a  200  gal  stainless  steel  tank  equipped  with  a  heating  element  and  a  mechanical 
stirrer.  About  520  lb  of  boric  acid  (twice  the  amount  needed  in  the  primary 
loop  to  keep  the  reactor  subcritical  at  68  F)  will  be  dissolved  in  200  gal  of 
water  heated  to  203  F. 

The  boric  acid  is  added  at  the  suction  side  of  the  primary  make-up  pump. 
Prior  to  addition,  the  blowdown  will  be  increased  to  2  gpm  if  it  is  not  already 
operating  at  this  rate.  The  appropriate  valves  will  then  be  turned  to  cut  off 
flow  from  the  primary  make-up  tank  and  start  boric  acid  addition  from  the 
200  gallon  feed  tank.  As  boric  acid  injection  starts,  the  blowdown  purification 
section  will  be  valved  off  and  the  blowdown  will  be  diverted  to  the  hot  waste 
system  by  opening  the  valve  to  the  hot  waste  dump  line.  When  sufficient 
boric  acid  has  been  injected,  the  feed  tank  line  will  be  turned  off,  and  flow 
from  the  primary  make-up  tank  will  be  resumed.  At  the  same  time,  the 
hot  waste  dump  line  will  be  closed  and  the  blowdown  will  be  diverted  around 
the  demineralizers  through  the  by-pass  line. 

The  primary  make-up  pump  will  inject  boric  acid  into  the  primary  loop 
at  the  rate  of  2  gpm.  Therefore,  100  gal  of  boric  acid  solution  containing 
260  lb  of  boric  acid  (the  amount  required  for  shutdown  at  68  F)  can  be 
injected  in  about  50  minutes.  Auxiliary  power  is  available  for  the  make-up 
pump  if  the  regular  power  source  fails. 

9. 3. 9  Auxiliary  Clean-up  Systems 


Provision  has  been  made  to  reduce  the  raioactivity  and  turbidity  of  the 
upper  shield  tank  water  during  a  core  change.  The  spent  fuel  tank  will  also 
be  provided  with  a  clean-up  system. 

I 

The  upper  shield  tank  clean-up  system  may  be  briefly  described  as 
follows; 

Four  drainage  holes  (90°  between  centers)  are  located  in  the  bottom 
of  the  upper  shield  tank  around  the  reactor  vessel  flange.  Piping  connects 
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these  drainage  holes  to  a  circular  manifold  around  the  neck  of  the  reactor 
vessel  in  the  lower  shield  tank.  The  manifold  is  connected  to  the  suction  side 
of  a  pump.  The  water  will  be  pumped  to  the  top  of  the  tank  through  a  filter 
and  a  demineralizer. 

Reduction  of  the  amount  of  radioactive  crud  entering  the  upper  shield 
tank  and  the  resulting  turbidity  will  be  accomplished  by  operating  the  upper 
shield  tank  clean-up  system  and  primary  blowdown  line  simultaneously 
during  a  core  change.  A  booster  pump  will  be  tied  into  the  primary  blow¬ 
down  line  downstream  of  the  pressure  reducing  valve.  It  will  pump  water 
from  the  bottom  of  tlje  reactor  vessel  at  the  rate  of  10  gpm  through  both 
demineralizer  lines  to  the  primary  make-up  tank.  Both  primary  make-up 
pumps  adjusted  to  operate  at  maximum  capacity  will  return  10  gpm  to  the 
primary  loop. 

Normally,  the  spent  fuel  tank  water  will  be  circulated  through  a  filter 
to  remove  crud  from  it.  If  however,  the  water  becomes  extremely  radio¬ 
active,  a  demineralizer  may  be  connected  to  the  clean-up  system. 

9.3.10  Decontamination 


The  build  up  of  activity  on  system  surfaces  and  components  can 
seriously  restrict  accessibility  and  prevent  necessary  maintenance.  There¬ 
fore,  rapid  and  efficient  decontamination  is  required  to  reduce  the  activity 
in  the  plant  to  safe  working  levels.  The  SM-2  decontamination  procedure 
given  here  is  based  on  the  conclusions  of  APAE  Memo  No.  234(i). 

The  procedure  involves  the  following  liquids  applied  as  described  below. 
The  volume  of  each  cycle  is  approximately  1520  gallons. 

1.  A  caustic  permanganate  solution  (10  percent  NaOH  plus  5  percent 
KMnP4) 

2.  A  water  rinse,  using  condenser  water 

3.  A  citrate  combination  solution  (5  percent  ammonium  citrate, 

2  percent  citric  acid,  0. 5  percent  versene) 

4.  Three  water  rinses,  the  first  using  condenser  water  and  the  last 
two  demineralized  water  from  the  primary  make-up  tank. 

Decontamination  of  the  primary  system  is  accomplished  utilizing  the 
following  procedure: 

1 .  The  primary  system  is  cooled  and  depressurized. 
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*  2.  The  reactor  veesel  cover  is  removed  and  stored  in  the  upper  shield 
tank.  Fuel  elements  and  control  rods  are  removed  and  stored  in 
the  spent  fuel  stor^^e  tank. 

3.  A  temporary  cover  is  secured  to  the  reactor  vessel.  This  cover 
is  penetrated  by  piping  for  filling  and  venting  the  primary  system. 

4.  Drainage  taps  located  in  the  lowest  points  in  the  steam  generator 
and  reactor  vessel  blowdown  lines,  under  the  pass  plate  of  the 
steam  generator,  and  the  two  low  points  of  the  primary  piping 
are  connected  by  means  of  temporary  piping  to  the  decontamiation 
pump.  Refer  to  Dwg.  F9-54-1040  for  the  location  of  these  taps 
and  details. 

5.  The  primary  coolant  water  is  pumped  into  the  waste  disposal 
system  through  the  sump  pump  line,  as  shown  in  Dwg. 

6.  The  valves  to  the  primary  system  are  closed  and  the  air  in  the 
system  is  partially  e^cuated  through  the  vent  line  in  the  temporary 
reactor  vessel  head  by  means  of  a  vacuum  pump. 

7.  The  primary  system  is  filled  with  alkaline  permanganate  (the  first 
decontamination  solution)  which  is  pumped  by  a  portable  pump 
from  a  1 500  gal  mixing  tank  into  the  reactor  vessel  through  the 
fill  line. 

8.  Back  flushing  of  the  primary  coolant  canned  rotor  pump  bearings 
and  the  control  rod  drive  seals  with  demineralized  water  is 
started,  since  they  cannot  be  exposed  to  the  decontamination 
solutions.  The  seal  leakage  line  to  the  primary  purification 
loop  is  valved  off,  but  temporary  piping  allows  water  from  this 
line  to  drain  into  the  sump  pit.  Temporary  piping  is  connected 
to  the  primary  make-up  line  to  divert  demineralized  water  to  the 
primary  coolant  pump  bearings  and  control  rod  drive  seals. 

9.  After  the  system  has  been  filled,  the  primary  pump  is  turned  on 
and  off  until  the  air  remaining  in  the  steam  generator  is  flushed 
out  into  the  reactor  where  it  is  vented  through  the  vent  line  in 
the  temporary  reactor  vessel  cover.  Filling  is  continued  until 
the  primary  system  is  completely  filled. 

10.  The  valve  in  the  temporary  piping  from  the  reactor  blowdown 
line  to  the  waste  tank  is  adjusted  so  that  the  flow  through  it 
equals  the  flow  rate  of  demineralized  water  through  the  control 
rod  drive  seals  and  the  primary  pump  bearings. 
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11.  Circulation  of  the  decontamination  solution  is  then  started,  using 
the  primary  coolant  pump.  Steam  is  passed  through  the  secondary 
side  of  the  steam  generator  in  order  to  heat  the  decontamination 
solution. 

12.  After  the  decontaminating  solution  has  been  allowed  to  cool,  it  is 
pumped  into  one  of  the  5000-gal  waste  storage  tanks. 

13.  Subsequent  flushes  of  the  primary  system  (citrate  solution  and 
rinses)  are  accomplished  as  described  in  steps  six  through  twelve 
above. 

Compliance  with  this  regulation  will  be  accomplished  by  diluting  the 
gases  Released  from  the  storage  cylinders  with  a  stream  of  air  from  a 
10000  cfm  fan. 

9.3.11  Sampling  Points 

In  order  to  verify  the  analysis  of  the  in-line  chemical  instrumentation, 
as  well  as  to  obtain  additional  information,  samples  of  primary  coolant  will 
be  withdrawn  periodically  for  laboratory  analysis.  These  and  other  sample 
points  from  associated  systems  are  listed  below. 

1.  Intake  side  of  hydrogen  analyzer  (with  sample  cooler). 

2.  Downstreams  of  after  filter  manifold  in  purification  loop 
(no  sample  cooler). 

3.  Primary  make-up  line  just  downstream  of  make-up  tank 
(with  sample  cooler). 

4.  Lower  shield  tank  drainage  line  (no  sample  cooler). 

5.  Discharge  side  of  pumps  in  upper  shield  tank  and  spent  fuel 
tank  clean-up  systems  (no.  sample  coolers). 

6.  Discharge  side  of  vapor  container  cooling  water  pumps 
(no  sample  cooler). 

9. 3. 12  Corrosion  Inhibitor  for  Lower  Shield  Tank  Water 

Potassium  chromate  (K2Cr04)  is  added  to  the  lower  shield  tank  water 
in  order  to  inhibit  corrosion.  Enough  K2Cr4  is  added  (52  lb  to  give  a 
concentration  of  1000  ppm  chromate  ion  (Cr04)  in  the  lower  shield  tank  water. 

Batches  of  chromate  solution  are  poured  down  the  air  vent  pipe  that 
extends  from  the  top  of  the  upper  shield  tank  to  the  lower  shield  tank  until 
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the  required  amount  (52  lb  of  K2Cr04)  has  been  added,  f  he  pH  is 
adjusted  to  about  8. 5  by  adding  potassium  hydroxide.  The  tank  is  filled  by 
opening  the  gate  valve  on  the  branch  of  the  fresh  water  make-up  line  that 
terminates  at  the  top  of  the  air  vent  pipe.  When  the  tank  is  filled,  samples 
are  withdrawn  and  checked  for  pH  and  chromate  ion  concentration. 

1000  ppm  of  chromate  will  prevent  practically  any  corrosion  of  the 
steel.  This  is  probably  considerably  higher  than  the  amount  actually 
needed.  However,  because  severe  local  pitting  will  occur  if  the  chromate 
concentjl^ation  falls  be  low  ^a.  certain  minimum  (which  is  a  function  of  many 
conditions),  a  high  concentration  is  recommended.  Potassium  chromate  is 
used  rather  than  the  lithium  or  sodium  forms  because  from  a  radiological 
point  of  view,  it  is  the  least  hazardous  of  the  three. 

9.3.13  Chemical  Laboratories 


Space  has  been  provided  in  the  primary  building  for  adjoining  hot  and 
cold  laboratories.  Each  laboratory  will  have  floor  and  wall  cabinet  for  the 
storage  of  analytical  equipment  chemicals,  glasswajre,  books,  and  records. 
Hoods,  sinks  and  benches  are  also  provided  for  the  work  being  conducted  in 
the  laboratories.  Primary  water  samples  will  be  taken  directly  from  the 
purification  loop  instead  of  running  sample  lines  to  the  hot  laboratory.  This 
is  being  done  to  limit  as  much  as  possible  the  hot  areas  in  the  primary 
building.  However,  all  secondary  sample  lines  will  come  into  the  cold 
laboratory  to  facilitate  laboratory  work. 

9. 4  SECONDARY  BLOWDOWN  SYSTEM 


The  secondary  blowdown  system  functions  to  prevent  the  accumulation 
of  solids  in  the  secondary  (feedwater)  side  of  the  steam  generator,  and  to 
minimize  fouling  of  the  heat  transfer  surfaces.  This  is  accomplished  by 
continuous  removal  or  blowdown  of  a  portion  of  the  fluid  in  the  steam 
generator  shell.  The  blow  down,  during  normal  plant'  operation,  is  sent 
through  temperature  and  pressure  reducing  processes  and  dumped  in  the 
storm  sewer  (plant  waste  drain).  If  the  blowdowp  becomes  contaminated, 
it  is  diverted  to  the  hot  waste  receiving  tank.  A  detailed  description  of  the 
processing  of  the  blowdown  is  given  below. 

Secondary  blowdown  is  taken  from  the  steam  generator  continuously 
at  a  point  just  below  the  operating  water  level  in- the  shell  side  of  the  vessel, 
and  intermittently  from  the  bottom  of  the  shell  compartment.  The  fluid 
from  each  extraction  point  is  taken  to  the  outside  of  the  vapor  container 
through  separate  lines. 

Immediately  outside  of  the  vapor  container,  globe  and  solenoid  operated 
trip  valves  are  provided  on  each  line.  The  tijrip  valves  are  actuated  when  a 
scram  is  initiated  to  prevent  flow  out  of  the  vapor  container.  The  globe  valves 
serve  to  isolate  the  trip  valves  for  servicing. 
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Motor  operated  valves,  downstream  of  the  trip  valves  regulate  the 
rate  of  blowdown  from  each  steam  generator  extraction  point.  These  valves 
are  operated  from  the  control  console. 

Manually  operated  globe  valves  are  located  downstream  of  the  motor 
operated  valves.  These  valves  serve  to  isolate  the  motor  operated  valves 
for  servicing,  and  may  also  be  used  to  manually  regualte  the  blowddwn 
rate. 

The  blowdown  from  each  extraction  point  is  combined  downstream  of 
the  motor  operated  valves  and  is  then  passed  through  the  secondary  blow¬ 
down  cooler.  This  is  a  heat  exchanger  which  functions  to  lower  the 
temperature  of  the  fluid  to  below  the  boiling  point. '  A  bypass  linetis  provided 
around  the  blowdown  cooler,  and  three  valves,  two  in  line  with  the  cooler  and 
one  in  the  bypass  line,  permit  isolation  of  the  cooler  for  servicing. 

Immediately  downstream  of  the  secondary  blowdown  cooler,  the 
blowdown  passes  through  a  pressure  reducing  station.  The  pressure  is 
reduced  to  approximately  50  psi  downstream  of  this  station.  A  spring  loaded 
pressure  reducing  valve  is  used  to  accomplish  the  pressure  reduction.  A 
bypass  line,  similar  to  that  for  the  blowdown  cooler,  and  valves  are  provided 
for  isolation  of  the  pressure  reducing  valve  for  servicing.  A  globe  valve  in 
the  bypass  line  with  pressure  gauges  upstream  and  downstream,  permits 
manual  regulation  of  pressure  reduction  when  the  pressure  reducing  valve 
is  isolated. 

A  pressure  relief  valve  is  located  downstream  of  tfie  pressure  reducing 
station.  Excessive  pressures  downstream  of  the  station  will  cause  the 
relief  valve  to  open  and  discharge  to  the  hot  waste  receiving  tank. 

A  solenoid  operated  vhlve,  for  bypass  of  the  secondary  blowdown,  if 
contaminated,  is  also  provided  at  this  point.  High  activity  of  the  blow¬ 
down  fluid  will  initiate  an  alarm  at  the  control  console,  after  which  the 
Operator  actuates  the  solenoid  operated  valve.  Contaminated  fluid  is 
diverted  to  the  hot  waste  receiving  tank. 

Downstream  of  the  pressure  reducing  station  the  blowdown  passes 
through  a  conductivity  cell  and  flow  meter  and  discharges  to  the  storm  sewer. 
The  conductivity  cell  records  the  level  of  impurities  in  the  blowdown  at  the 
control  console.  Blowdown  rate  may  be  varied  in  order  to  maintain  a 
high  level  of  system  purity.  The  flow  meter  indicates  the  blowdown  rate  at 
the  control  console.  This  equipment  is  also  bypassed  and  valved  to  permit 
isolation  for  servicing. 

Local  and  remote  temperature  indication  are  located  respectively 
upstream  and  downstream  of  the  pressure  reducing  station.  The  remote 


temperature  indicator  monitors  perlormance  of  the  secondary  blowdown 
cooler.  Temperature  downstream  of  the  cooler  is  indicated  at  the  control 
console. 

% 

9. 5  VAPOR  container’ CbCLiyG  WAtER  SVSTEM 

The  vapor  container  cooling  water  system  provides  cooling  for  the 
upper  and  lower  shield  tanks,  the  primary  (coolant)  circulating  pump,  and 
the  space  cooler  within  the  vapor  container,  plus  the  primary  and  secondary 
blowdown  cooler  outside  of  the  vapor  container. 

The  cooling  water  is  stored  in  the  vapor  container  cooling  water  tank. 
This  tank  is  a  horizontally  mounted  unit  with  625  gal  cs^acity,  and  is  vented 
to  the  atmosphere.  Two  vapor  container  cooling  water  pumps,  one  operating 
and  one  on  standby,  take  suction  through  a  strainer  from  the  cooling  water 
storage  tank,  and  discharge  through  check  and  gate  valves  to  the  cooling 
water  supply  line.  Five  parallel  circuits  carry  the  cooling  water  through 
the  coolers  listed  above  and  deliver  it  to  a  common  return  line.  The  cir¬ 
culating  fluid  is  then  passed  through  the  cooling  water  cooler.  This  is  a 
heat  exchanger  which  removes  the  heat  that  the  fluid  has  received  in  pass¬ 
ing  through  the  five  coolers.  The  circulating  fluid  is  then  returned  to  the 
vapor  container  cooling  water  storage  tank. 

Feed  lines  to  cooling  equipment  within  the  vapor  container  are  equipped 
with  globe  valves  and  check  valves  outside  of  the  vapor  container  wall.  The 
check  valves  prohibit  back  flow  or  flow  out  of  the  vapor  container. 

Solenoid  operated  trip  valves  are  located  outside  of  the  vapor  con¬ 
tainer  on  return  lines  from  equipment  within  the  container.  The  valves  are 
automatically  closed  by  a  scram  to  prevent  flow  out  of  the  vapor  container.. 
Globe  valves  are  provided  on  the  return  lines  from  each  cooling  component 
for  balancing  and  apnortioning  flows  in  accordance  with  the  component 
requirements.  Relief  valves  on  the  return  lines  from  each  cooling  com¬ 
ponent  are  provided.  Gate  valves  on  the  inlet  of  the  shield  tank  cooling 
coils,  and  the  space  cooler  are  provided  to  isolate  either  of  these  branch¬ 
es  for  servicing.  Key  operated  valves  are  provided  on  both  the  inlet  and 
outlet  cooling  water  lines  for  the  primary  coolant  circulating  pump. 

The  return  line  from  the  primary  coolant  circulating  pump  cooling 
coil  contains  remote  temperature  and  low  flow  indicators.  High  temper¬ 
ature  or  low  flow  will  initiate  an  alarm  at  the  control  console  indicating  that 
inadequate  cooling  is  being  provided  for  the  pump. 

Each  cooling  water  circulating  pump  develops  a  TDH  of  127  ft  while 
delivering  120  gpm  of  cooling  water.  Only  one  pump  operates  at  a  time,  and 
controls  are  provided  to  start  the  standby  pump  if  the  operating  pump  fails. 
Indication  of  which  pump  is  in  operation  is  shown  on  the  control  console. 
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The  heat  exchanger  duties  for  the  components  of  the  system  are  as 
follows; 


Component  Duty  (Btu/hr) 


Upper  shield  tank  coil 

Lower  shield  tank  coil 

225, 000 

Primary  circulating  pump  coil 

450, 000 

Space  cooler 

30, 000 

Primary  blowdown  cooler 

440, 000 

Secondary  blowdown  cooler 

267, 000 

Cooling  water  cooler 

1, 412, 000 

Samples  of  the  circulating  fluid  will  be  taken  periodically  to  determine 

activity,  and  fluid  may  be  diverted  to  the  hot  waste  tank  if  contaminated. 

Carbon  steel  piping  is  used  throughout  the  system.  Piping  at  the 
discharge  of  the  cooling  water  circulating  pumps  is  2  1/2  in.  diam  and  is 
stepped  down  in  size  as  branch  lines  are  tapped  off  of  the  main  line. 

The  design  pressure  for  the  system  is  150  psi. 

9.  6  SPENT  FUEL  TANK  RECIRCULATION  SYSTEMS 


The  spent  fuel  tank  recirculation  system  function  to  maintain  purity 
of  the  water  in  the  spent  fuel  tank,  and  to  provide  either  heating  or  cooling 
for  this  water  as  required  by  the  site  and/or  operating  conditions.  These 
tasks  are  accomplished  by  circulation  of  the  water  through  a  filter  and 
either  an  electric  heating  unit  or  an  exchanger  for  cooling.  The  water  is 
then  returned  to  the  spent  fuel  tank. 

A  centrifugal  pump  is  used  to  circulate  the  water.  The  pump  takes 
suction  from  the  bottom  of  the  spent  fuel  tank  through  a  foot  valve  and  a 
strainer.  Gate  valves  are  provided  on  both  the  suction  and  discharge  sides 
of  the  pump  to  permit  isolation  for  servicing.  A  check  valve  is  provided 
on  the  discharge  side  of  the  pump  to  prevent  backflow. 

The  electric  heating  unit  and  the  cooling  unit  are  connected  in  parallel 
and  valved  so  that  flow  may  be  directed  through  the  proper  unit.  A  local 
temperature  indicator  upstream  of  these  units  indicates  which  process  is 
required. 
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Connections  for  a  demineralizer  are  provided  downstream  of  the 
heating  and  cooling  units.  A  sample  point  is  located  downstream  of  the 
filter.  If  the  filter  fails  to  produce  the  required  degree  of  purity  of  the 
water,  the  demineralizer  can  be  connected  to  assist  in  the  treatment  of 
the  circulated  water.  A  second  sample  point  downstream  of  the  filter 
permits  analysis  of  the  water  after  it  has  passed  through  the  demineralizer. 

If  the  required  purity  is  still  not  realized,  a  diversion  valve  is  provided  for 
dumping  the  water  to  the  hot  waste  tank. 

Make-up  water  for  the  spent  fuel  tank  is  supplied  form  the  primary 
make-up  tank. 

9.  7  SMELD  TANK  RECIRCULATION  SYSTEM 

The  shield  tank  recirculation  system  is  provided  to  maintain  purity  of 
the  water  in  the  upper  shield  tank.  The  system  consists  of  a  centrifugal 
pump,  filter,  demineralizer,  interconnecting  piping,  and  valves. 

The  pump  takes  suction  from  the  bottom  of  the  upper  shield  tank  and 
passes  the  water  through  the  filter  and  demineralizer  and  returns  it  to  the 
shield  tank. 

If  the  shield  tank  water  becomes  highly  contaminated,  the  flow  from  the 
pump  discharge  may  be  diverted  to  the  hot  waste  tank.  A  valve,  downstream 
of  the  demineralizer,  is  provided  for  sampling  to  determine  purity. 

Valves  upstream  and  downstream  of  the  pump  permit  isolation  for 
servicing.  The  downstream  valves  also  permit  diversion  of  flow  to  the 
hot  waste  tank.  A  check  valve  on  the  discharge  side  of  the  pump  prevents 
backflow  in  the  system. 

Valves  are  also  provided  on  each  side  of  the  demineralizer  to  isolate 
it  for  replacement. 

9.  8  VAPOR  CONTAINER.VENTILATION  SYSTEM 


The  vapor  container  ventilation  system  functions  to  remove  radioactive 
particles  from  the  air  within  the  v^or  container,  and  to  ventilate  ihe  vapor 
container  prior  to  entry  by  personnel.  Reactor  shutdown  is  a  prerequisite 
to  the  operation  of  this  system. 

The  system  consists  of  an  air  filter  and  a  blower  together  with  its 
associated  piping.  The  blower  takes  suction  from  the  vapor  container 
through  the  air  filter  and  discharges  the  filtered  air  back  into  the  vapor 
container.  This  cycle  is  repeated  Until  the  activity  of  the  air  within  the  v£q)or 
container  has  been  reduced  to  a  safe  level. 
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After  the  air  within  the  vapor  container  has  reached  acceptable 
radiation  levels,  the  blower  discharge  is  diverted  to  the  vent  stack.  At  the 
same  time  the  vapor  container  access  door  is  opened, allowing  fresh  air  to 
be  drawn  into  the  vessel. 

• 

Gates  valves  are  located  on  both  the  suction  and  discharge  lines,  and 
are  closed  during  normal  plant  operation.  These  valves  are  only  opened 
after  the  plant  is  shut  down,  and  the  pressure  within  the  vapor  container 
is  normal. 

Valves  on  the  filter,  blowe,  and  vent  stack  are  provided  to  drain  col¬ 
lected  condensate  to  the  hot  waste  tank. 

9. 9  HOT  WASTE  DISPOSAL  SYSTEM 


The  hpt  waste  disposal  system  functions  to  collect,  store,  and  process 
wastes  which  are  known  to  be  or  sustpected  of  being  radioactive,  including 
fluids  collected  as  a  result  of  decont2imination  activities. 

Wastes  external  to  the  vapor  container  are  drained  to  and  collected  in 
the  2500  gal  capacity  hot' waste  tank.  Wastes  from  within  the  vapor  con¬ 
tainer  are  first  collected  in  a  sump  and  then  pumped  to  the  2500  gal  tank. 
Globe  valves  with  a  solenoid  operated  trip  valve  between  them  are  located 
in  this  line  immediately  outside  of  the  vapor  container.  The  trip  valve 
closes  when  a  scram  is  initiated  to  prevent  flow  out  of  the  vapor  container. 
The  globe  valves  serve  to  isolate  the  trip  valve  for  servicing.  From  the 
2500  gal  tank,  the  wastes  are  pumped  to  either  of  two  5000  gal  tanks  for 
temporary  storage. 

Further  processing  of  the  wastes  involves  reduction  of’  volume  and 
concentration  of  contaminants.  An  evaporator  condenser  is  used  for  this 
purpose.  Wastes  are  pumped  from  the  5000  gal  tanks  to  a  200  gal  holding 
tank  and  then  to  the  evaporator  condenser.  Concentrated  contaminants  are 
removed  from  the  condenser,  and  stored  in  shielded  drums  for  shipment. 
Condensate  from  the  reduction  process  is  passed  to  a  300  gal  condensate 
tank  and  is  then  mixed  with  secondary  system  condensate  as  it  is  discharged 
to  the  plant  drain. 

Radioactive  gasses  which  build  up  in  the  hot  waste  system  are  pumped  ' 
through  an  absolute  filter  into  storage  cylinders  by  a  compressor.  After 
activity  levels  of  these  gasses  have  reduced  to  safe  levels,  they  are  dis¬ 
charged  through  h  blower  to  the  vent  stack. 

The  waste  in  the  2500  gal  tank  may  be  sampled  prior  to  discharge  to 
the  5000  gal  tanks.  If  acticity  is  low,  the  flow  may  be  diverted  through  a 
demineralizer  to  the  plant  drain. 
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The  condensate  line  from  the  evaporator  condenser  contains  valves 
which  will  permit  furthSir  activity  reduction  by  bypassing  the  condensate 
through  a  demineralizer. 

Steam  is  used  for  tKe  evaporator,  and  for  heating  of  the  wastes  stored 
in  the  5000  gal  tanks. 

•  • 

Globe  valves  are  used  in  all  lines  to  permit  operator  control  of  the 
treatment  process,  and  check  valves  are  provided  in  all  lines  where  reversal  . 
of  flow  is  prohibitive. 
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10.0  PHIMABY  SYSTEM  INSTRUMENTATION  AND  WIRING 


10. 1  INSTRUMENTATION 


Primary  system  instrumentation  has  been  designed  for  as  close 
an  approach  to  100  percent  availability  as  is  technically  and  economically 
feasible. 

•  • 

10. 1. 1  Flow 


Three. primary  coolant  flow  measurements  will  be  made  by  differ¬ 
ential  pressure  cells,  which  will  then  send  an  electrical  signal  to  a  circuit. 
The  circuit  will: 

(a)  send  as  its  output  the  highest  of  the  three  inputs  from  the  d/p 
cells  to  the  primary  coolant  flow  indicator  and  to  the  reactor 
thermal  power  computer; 

(b)  monitor  the  deviation  between  the  three  inputs  and  actuate  an 
instrument  failure. alarm  if  the  deviation  exceeds  a  pre-set 
value; 

(c)  actuate  a  low  flow  alarm  and  a  low  flow  scram  if  at  least  two 
of  the  three  inputs  fall  below  the  corresponding  pre-set  alarm  . 
and  scram  values. 

Due  to  the  peculiarities  of  the  piping  arrangement,  no  primary  flow 
element  (e.g. ,  orifice  plate,  Gentile  tube)  can  be  used.  The  flow  will  be 
measured  as  a  function  of  the  differential  pressure  across  the  primary 
coolant  pump,  the  reactor,  and  the  steam  generator.  Probes. will  be  insert 
ed  into  the  pipii^  upstream  and  downstream  of  these  items  and  will  lead  to 
the  differential  pressure  cells. 

10. 1. 2  Temperature 


Temperature  in  the  primary  coolant  loop  will  be  measured  at  six 
points  -  three  in  the  hot  leg  and  three  in  the  cold  leg.  The  electrical  s^nals 
from  the  temperature  sensors  will  be  sent  to  circuitry  which  will: 

(a)  average  the  s^^nals  and  send  the  result  to  the  average  temperature 
recorder; 

(b)  select  the  highest  of  the  three  hot  leg  signals  and  send  a  correspond¬ 
ing  signal  to  the  reactor  hot  leg  temperature  indicator; 

(c)  select  the  highest  of  the  three  matched  pair,  hot  leg  -  cold  leg  dif¬ 
ferential  temperature  signals  and  send  a  corresponding  signal  to  the 


primary  coolant  differential  temperature  indicator  and  to  the 
reactor  thermal  power  computer; 

(d)  actuate  a  high  temperature  alarm  and  a  high  temperature  scram 
if  at  least  two  of  the  three  hot  leg  signals  exceed  the  pre-set 
alarm  and  scram  values; 

(e)  monitor  the  deviation  between  the  differential  temperature  inputs 
and  actuate  an  instrument  failure  alarm  if  the  deviation  exceeds 
a  pre-set  value. 

The  temperature  of  the  pressurizer  steam  blanket  will  be  measured 
and  indicated  on  the  console,  as  will  be  the  pump  bearing  temperatures. 

High  temperature  of  the  latter  will  be  ala^rmed'i  Three^resis^nce  bulbs  will 
measure  the  temperature  of  the  upper  shield  tank;,  three  more,  the  tempera¬ 
ture  of  the  lower  shield  tank,  another  three,  the  temperature  of  the  spent 
fuel  tank,  and  another  one  the  temperature  of  the  vapor  container.  These 
latter  ten  will  be  read  out  on  one  console-mounted  indicator  by  means  of  a 
selector  switch,  iiocal  thermometers  measure  the  temperatures  at  the  in¬ 
let  and  outlet  of  the  cooler  in  the  spent  fuel  recirculation  line. 

10.1.3  Pressure 

Primary  coolant  pressure  will  be  measured  at  the  static  leg  of  the 
pressurizer.  Three  pressure  measurements  will  be  taken  and  electrical 
signals  sent  to  circuitry  which  will: 

(a)  select  the  highest  of  the  three  signals  and  send  it  to  the  pri¬ 
mary  coolant  pressure  indicator,  to  the  primary  coolant 
pressure  controller,  and  to  the  primary  coolant  rod  drive 
seal  water  differential  pressure  controller; 

(b)  actuate  high  and  low  pressure  alarms  and  scrams  if  at  least 
two  of  the  three  inputs  fall  outside  pre-set  values; 

(c)  monitor  the  deviation  between  the  three  inputs  and  actuate 
an  instrument  failure  alarm  if  the  deviation  exceeds  a  pre¬ 
set  value. 

The  primary  coolant  pressure  controller  sends  its  output  signal  to 
the  pressurizer  heaters.  Vapor  container  pressure  is  measured  and  indi¬ 
cated  at  the  console,  and  high  pressure  is  alarmed.  Pressure  downstream 
of  the  shield  tank  recirculating  pump  is  measured  and  indicated  at  the  con¬ 
sole.  High  pressure  downstream  of  the  control'rod  seals  and  downstream  of 
the  spent  fuel  tank  recirculation  pump  is  sensed  by  local  pressure  switches 
and  alarmed  at  the  console.  A  pressure  gauge  measures  the  pressure  down¬ 
stream  of  the  filter  in  the  spent  fuel  recirculation  line. 


10. 1. 4  Level 


Pressurizer  level  is  measured  by  two  differential  pressure  cells. 

One  sends  a  signal  to  console  indication  and  high  and  low  level  alarms,  and 
the  other  sends  a  signal  to  a  controller  which  operates  a  motor -operated 
valve  in  the  primary  makeup  line  to  the  primary  coolant  loop. 

Steam  generator  shell  side  level  is  similarly  measured  by  two  differ¬ 
ential  pressure  cells,  one  sending  a  signal  to  console  indication  and  high 
and  low  alarms;  the  other  sending  a  signal  to  a  controller  which  is  part  of  the 
three -element  feedwater  control. 

Local  level  switches  sound  high  and  low  alarms  on  the  upper  shield 
tank,  lower  shield  tank  and  spent  fuel  tank. 

10. 1. 5  Reactor  Thermal  Power 


The  reactor  thermal  power  computer  receives  a  differential  tempera¬ 
ture  signal  from  the  temperature  circuitry  and  a  flow  signal  from  the  flow 
circuitry.  Thermal  power  is  computed  and  a  signal  is. sent  to  the  reactor 
thermal  power  recorder. 

10. 1. 6  Miscellaneous 


A  standby  heating  element  is  located  inside  the  spent  fuel  tank  for  use 
if  the  normal  recirculation  heater  is  inoperable. 

10. 2  AUXILIARY  SYSTEM  INSTRUMENTATION 


10. 2. 1  Primary  Blowdown 

Primary  blowdown  from  the  primary  blowdown  cooler  passes  through 
a  pressure  reducing  valve  which  has  pressure  gauges  located  upstream  and 
downstream  of  it.  A  pressure  switch  downstream  of  the  pressure  reducing 
valve  alarms  on  high  pressure  and  another  switch,  on  still  higher  pressure, 
shuts  a  solenoid  valve  upstream  of  the  pressure  reducing  valve. 

A  local  thermometer  measures  the  temperature  of  the  primary  blow¬ 
down  and  a  ilow  meter  measures  its  flow.  A  pressure  regulating  valve  main¬ 
tains  the  pressure. 

The  rod  drive  seal  leakoff  line  to  the  initial  filter  inlet  header  is  mon¬ 
itored  for  temperature  by  a  thermometer,  and  for  pressure  by  a  pressure  switch 
which  sounds  an  alarm  when  the  pressure  exceeds  a  pre-set  value.  Pressure 
gauges  are  located  upstream  of  the  initial  filters,  upstream  and  downstream  of 
the  demineralizers,  and  downstream  of  the  final  filters.  Differential  pressure 
switches  located  across  the  demineralizers  and  both  sets  of  filters  sound  an 
alarm  on  high  differential  pressure. 


Conductivity  is  measured  downstream  of  the  final  filters  and  is 
recorded  at  the  console.  High  conductivity  is  alarmed.  Flow  is  indicated 
locally. 

• 

pH  is  measured  upstream  of  the  initial  filters  and  upstream  of  the 
primary  makeup  tank,  and  is  indicated  at  the  console.  High  and  low  pH 
are  alarmed. 

Oxygen  content  is  analyzed  upstream  of  filter  inlet  and  is'recorded 
at  the  console. 

Undissolved  hydrc^en  is  monitored  downstream  of  the  oxygen  ana¬ 
lyzer.  It  is  indicated  at  the  console.  Excessive  undissolved  hydrogen  is 
alarmed.  Still  greater  excess  causes  the  vapor  container  to  be  vented. 
Even  greater  excess  scrams  the  reactor, 

10. 2. 2  Primary  Makeup 


Primary  makeup  tank  level  is  locally  indicated  by  a  gauge  glass. 

The  level  in  the  tahk  is  controlled  by  mfeans  of  a  float  operated  valve  con¬ 
trolling  the  flow  of  fresh  water  to  the  filter  inlet  header  of  the  primary 
blowdown  system.  High  and  low  levels  are  alarmed  by  means  of  level 
switches.  A  pressure  gauge  indicates  the  tank’s  pressure  and  a  pressure 
switch  actuates  an  alarm  upon  high  pressure.  • 

A  flow  switch  actuates  an  alarm  upon  low  flow  in  the  suction  header 
of  the  primary  makeup  pumps.  Pressure  gauges  are  located  in  the  discharge 
lines  of  the  primary  makeup  pumps. 

Pressure  in  the  primary  makeup  lines  to  the  vapor  container  is  kept 
constant  by  a  back-pressure  regulating  valve  in  a  bypass  line  to  the  primary 
makeup  tank.  The  valve  maintains  pressure  by  allowing  more  or  less  make¬ 
up  water  to  return  to  the  tank.  A  pressure  regulating  valve  reduces  the  pres¬ 
sure  of  the  water  returnir^  to  the  tank  to  match  that  in  the  tank. 

The  pressure  of  the  makeup  water  to  the  control  rod  drive  seals  must 
be  maintained  slightly  above  that  of  the  primary  coolant.  This  is  accomplished 
as  follows:  The  pressure  of  the  makeup  water  to  the  seals  is  sensed  and  a 
signal  is  transmitted  to  a  console-mounted  differential  pressure  indicator -con¬ 
troller.  The  controller  also  receives  a  signal  from  the  primary  coolant  pres¬ 
sure  circuitry.  The  pressure  difference  is  computed  and  maintained  at  a  pre¬ 
set  value,  by  a  throttling  signal  to  one  of  two  control  valves  arranged  in  parallel 
located  in  the  makeup  water  line  to  the  seals.  If  the  pressure  difference  falls 
below  a  pre-set  limit,  an  alarm  will  be  sounded. 
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10. 2. 3  Vapor  Container  Cooling  Water  System 

This  system  supples  cooling  water  for  the  various  heat  exchange  apparatus 


c 


and  equipment  requiring  cooling  water.  A  pressure  gauge  ts  located  at  the 
discharge  of  each  of  the  two  cooling  water  pumps.  A  flow  switch  in  the 
dischai^e  header  of  the  pumps  sounds  an  alarm  when  the  cooling  water  flow 
falls  below  a  pre-set  value.  Just  before  the  alarm  is  sounded  the  flow  switch 
will  have  caused  a  pump  switchover. 

The  cooling  water  line  from  the  primary  coolant  pump  has  its  temper¬ 
ature  indicated  by  a  thermometer  and  its  flow  indicated  by  a  local  flow  meter. 

The  main  cooling  water  line  is  locally  monitored  for  temperature  and 
flow  by  a  thermometer  and  a  flow  meter  before  entering  the  cooling  water 
cooler. 


The  vapor  container  cooling  water  storage  tank  has  a  gauge  glass  in¬ 
dicating  the  liquid  level;  a  low  level  alarm  is  sounded  by  a  float  actuated  switch; 
and  another  float  switch  causes  the  cooling  water  pumps  to  shut  down  on  ex¬ 
tremely  low  level.  A  float-operated  valve  controls  the  level  in  the  storage 
tank  by  regulating  makeup  water  from  the  cold  condensate  storage  tank. 

The  vapor  container  cooling  water  tank  has  a  thermometer  measuring 
the  liquid  temperature. 

10. 2. 4  Secondary  Blowdown 

-  ‘Secondary  blowdown  is  monitored  for  temperature  by  two  thermometers 
and  flow  by  a  local  flow  meter.  Pressure  gauges  measure  the  pressure  dp- 
stream  and  downstream  of  a  pressure  reducing  valve.  A  conductivity  cell  sends 
its  signal  to  a  console  mounted  recorder  with  a  high  conductivity  alarm  contact. 
High  radiation  in  the  secondary  blowdown  causes  a  three-way  valve  to  dump  the 
blowdown  liquid  to  the  hot  waste  system. 

10. 2.  5  Hot  Waste  System  .  . 

A  pressure  transmitter  monitors  the  pressure  in  each  of  the  three  hot 
waste  tanks  and  in  the  discharge  line  of  each  of  the  pumps  in  the  system.  The 
pressures  are  indicated  at  the  console  on  one  indicator  with  a  selector  switch, 
except  for  the  evaporator  vacuum  pump  and  the  waste  gas  compressor,  which 
have  individual  console  mounted  indicators. 

The  pressure  drop  across  each  of  the  two  filters  is  monitored  by  a  differ¬ 
ential  pressure  switch  which  sounds  an  alarm  when  the  pressure  drop  exceeds  a 
pre-set  value. 

The  pressure  in  the  waste  gas  storage  cylinder  manifold  is  measured  by 
a  pressure  transmitter  and  is  indicated  on  the  console  multi -position  indicator 
described  above. 
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Each  of  the  t^iree  hot  waste  tanks  has  its  level  measured  by  a  l^vel 
transmitter.  These  three  transmitters  have  their  signals  read  out  at  the 
console  on  one  indicator  with  a  selector  switch.  In  addition,  float-actuated 
level  switches  sound  alarms  on  high  and  low  level  in  each  of  the  three  tanks. 

The  200  gal  holding  tank  and  the  300  gal  condensate  tank  have  high  and 
low  level  alarm  switches  (float  actuated)  and  float  actuated  switches  which 
start  and  stop  their  respective  discharge  pumps  (Dwg  M  11594-48). 

10. 2. 6  .  Instrument  List 


Item 

Function 

Location 

Quantitv 

Pressure  indicator 

flask 

Local 

1 

PI-263 

Pressure  indicator 

PI-253 

Primary  makeup  tank 

Local 

1 

Pressure  indicator 
PI-258 

Primary  makeup  pump 
discharge ' 

Local 

1 

Pressure  indicator 
PI-259 

Spare  primary  makeup 
pump  discharge 

Local 

1 

Pressure  indicator 
PI-211 

Input  to  first  primary 
blowdown  filter 

Local 

1 

Pressure  indicator 
PI-213 

Input  to  demineralizers 

Local 

1 

Pressure  indicator 

Input  to  final  filters 

Local 

1 

PI-215 

Pressure  indicator 

Downstream  of  filters 

Local 

1 

PI-217 

and  demineralizers 

Pressure  indicator 
PI.-360 

Spent  fuel  tank  recirc. 
filter  discharge 

Local 

1 

Pressure  indicator 
PI-202 

Primary  blowdown 
cooler  discharge 

Local 

1 

Pressure  indicator 
PI-203 

Downstream  of  primary 
blowdown  pressure 
packing  valve 

Local 

1 

Pressure  transmitter 

Pressurizer 

Pressure  moni¬ 

3 

PI- 160, 161, 162 

(three  elements  for 
pressurizer) 

toring  panel (con¬ 
trol  room  read¬ 
outs) 

Pressure  transmitter 

Shield  tank  recirc. 

Local  (control 

1 

PX-353 

pump  filter 
discharge 

room  readout) 

Pressure  indicator 

Pressurizer 

Control  room 

1 

PI- 160 

Pressure  indicator 
Controller  PIC -161 

Pressurizer 

Pressure  control 

Control  room 

1 
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# 


Item 

Function 

Location 

Quantity 

Switch 

HPSA-160 

Primary  coolant  system - 
high  pressure  alarm 

Control  room 

1 

Switch 

LPSA-160 

Primary  coolant  system 
low  pressure  alarm 

Control  room 

1 

Switch 

HPSS-160 

Primary  coolant  system 
high  pressure  scram 

Control  room 

1 

Switch 

LPSS-160 

Primary  coolant  system 
low  pressure  scram 

Control  room 

1 

Pressure  switch 
HPSA-205 

Primary  blowdown  down¬ 
stream  of  press,  red., 
valve  highpress.  alarm 

Local  control 
room  annunci¬ 
ator 

1 

Pressure  indicator 
PI-353 

Shield  tank  pump  filter 

Local 

1 

Pressure  switch 
HPSC-205 

Pri.  blowdown  down¬ 
stream  of  press,  red. 
valve-high  press,  trip 
of  solenoid  valve  lo¬ 
cated  downstream  of 
primary  blowdown 
cooler 

Local 

1 

Pressure  switch 

Primary  makeup  tank 

Local 

1 

HPSA-254 

high  pressure  alarm 

(control  room 
annunciator) 

1 

Pressure  switch 
HPSA-356 

Seal  leakoff  to  filters  - 
high  pressure  alarm 

Local  (control 
room  annunci¬ 
ator) 

1 

Pressure  switch 
HPSA-359 

Spent  fuel  tank  recirc. 
pump  discharge  high 
pressure  alarm 

Local  (control 
room  annunci¬ 
ator) 

1 

Differential  pres¬ 
sure  switch 
HDPSA-212 

Across  primary  blow¬ 
down  filters  upstream 
of  demineralizer  - 
high  diff.  pressure 
alarm 

Local  (control 
room  annunci¬ 
ator) 

1 

Differential  pres¬ 
sure  switch 
HDPSA-214 

Across  demineralizers 
high  differential 
pressure  alarm 

Local  (control 
room  annunci¬ 
ator) 

1 

Differential  pres¬ 
sure  switch 
HDPSA-216 

Across  pri.  blowdown 
filters  downstream 
of  demineralizers  - 
high  diff.  pressure 
alarm 

Local  (control 
room  annunci¬ 
ator) 

1 

Pressure  transmitter 
PX-362 

Vapor  container 

Pressure  moni¬ 
toring  panel 

1 

Pressure  indicator 
PI-362 

Vapor  container 

Control  room 

1 
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Item 


Function 


Location 


Switch 

HPSA-160 

Switch 

LPSA-160 

Switch 

HPSS-160 

Switch 

LPSS-160 
Pressure  switch 
HPSA-205 

Pressure  indicator 
PI-353 

Pressure  switch 
HPSC-205 


Pressure  switch 
HPSA.254 

Pressure  switch 
HPSA-356 

Pressure  switch 
HPSA-359 

Differential  pres¬ 
sure  switch 
HDPSA-212 


Differential  pres¬ 
sure  switch 
HDPSA-214 
Differential  pres¬ 
sure  switch 
HDPSA-216 


Pressure  transmitter 
PX-362 

Pressure  indicator 
PI-362 


Primary  coolant  system - 
high  pressure  alarm 
Primary  coolant  system 
low  pressure  alarm 
Primary  coolant  system 
high  pressure  scram 
Primary  coolant  system 
low  pressure  scram 
Primary  blowdown  down¬ 
stream  of  press,  red. 
valve  highpress.  alarm 
Shield  tank  pump  filter 

Pri.  blowdown  down-  ' 
stream  of  press,  red. 
valve-high  press,  trip 
of  solenoid  valve  lo¬ 
cated  downstream  of 
primary  blowdown 
cooler 

Primary  makeup  tank 
high  pressure  alarm 

Seal  leakoff  to  filters  - 
high  pressure  alarm 

Spent  fuel  tank  recirc. 
pump  discharge  high 
pressure  alarm 
Across  primary  blow¬ 
down  filters  upstream 
of  demineralizer  - 
high  diff.  pressure 
alarm 

Across  demineralizers 
high  differential 
pressure  alarm 
Across  pri.  blowdown 
filters  downstream 
of  demineralizers  - 
high  diff.  pressure 
alarm 

Vapor  container 
Vapor  container 


Quantity 


Control  room  1 

Control  room  1 

Control  room  1 

Control  room  1 

Local  control  1 

room  annunci¬ 
ator 

Local  1 

Local  1 


Local  1 

(control  room  1 

annunciator) 

Local  (control  1 

room  annunci¬ 
ator) 

Local  (control  1 

room  annunci¬ 
ator) 

Local  (control  1 

room  annunci¬ 
ator) 


Local  (control  1 

room  annunci¬ 
ator) 

Local  (control  1 

room  annunci¬ 
ator) 


Pressure  moni-  1 

toring  panel 
Control  room  1 
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•  Item 

Function 

Location 

Quantity 

Switch 

• 

Vapor  container 

Control  room 

1 

HPSA-362 

high  pressure  alarm 

Pressure  reducing 

Downstream  of  primary 

Local 

1 

valve  PCV-204 

coolant  blowdown 
cooler 

Pressure  regulating 

Primary  cooler  filter 

Local 

1 

valve  PCV-208 

inlet 

Pressure  transmitter 

Primary  makeup  to 

Local 

1 

PX-262 

rod  drive  seals 

Diff.  press,  ind.  con¬ 

Primary  cool.  -  rod 

Console 

1 

trol  DPIC-262 

drive  seal  water 

Switch 

Primary  cool.  -  rod 

Console 

1 

LDPSA-262 

drive  seal  diff. 
pressure  alarm 

Control  valve 

Primary  cool,  -rod 

Local 

2 

DPCV-262 

drive  seal  water 

Pressure  regulating 

Primary  makeup  water 

Local 

1 

valve  PCV-260 
Pressure  regulating 

Primary  makeup  return 

Local 

1 

valve  PCV-261 
Pressure  indicator 

Hydrt^en  to  primary 

Local 

1 

PI-264 

makeup  tank 

Pressure  regulating 

Hydrogen  to  primary 

Local 

1 

valve  PCV-265 

makeup  tank 

Pressure  indicator 

Hydrogen  to  primary 

Local 

1 

PI-266 

makeup  tank 

Pressure  transmitter 

Cond.  tankpiump 

Local 

1 

PX-910 

discharge 

Pressure  transmitter 

Waste  gas  comp. 

Local 

1 

PX-912 

discharge 

Pressure  transmitter 

Waste  gas  manifold 

Local 

1 

PX-913 

Pressure  indicator 

H.  W.  system  pressures 

Console 

1 

PI-901 

with  selector  switch 
Diff.  pressure  switch 

H.  W.  outlet  filter 

Local 

1 

HDPSA-911 

Diff.  pressure  switch 

H.  W.-  inlet  filter 

Local 

1 

HDPSA-909 

Pressure  transmitter 

H.  W.  tank  no.  1 

Local 

1 

PX-901 

Pressure  transmitter 

H.  W.  tank  no.  1  pump 

Local 

1 

PX-902 

discharge 

Pressure  transmitter 

H.  W.  tank  no.  2 

Local 

1 

PX-903 
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Item 

Function 

Location 

Quantity 

Pressure  transmitter 
P3f-904 

H.  W.  tank  no.2  pump 
discharge 

Local 

1 

Pressure  transmitter 

H.W.  tank  no.  3 

Local 

1 

PX-905 

Pressure  transmitter 
PX-906 

H.  W.  tank  no.  3  pump 
discharge 

Local 

1 

Pressure  transmitter 

Evap.  cond.  input 

Local 

1 

PX-907 

Pressure  transmitter 
PX-908 

Evap.  vac.  pump 
discharge 

Local 

1 

Pressure  indicator 
PI-380 

V.  C.  cooling  water 
pump  discharge 

Local 

2 

Pressure  indicator 
PI-602 

Secondary  blowdown 

Local 

1 

Pressure  reducing 
valve  PCV-i804 

Secondary  blowdown 

Local 

1 

Pressure'  indicator 
PI-603 

Downstream  of  PCV-604 

Local 

1 

Pressure  indicator 
PI-908 

Evap.  vacuum  pump 
discharge 

Console 

1 

Pressure  indicator 
PI-912 

H.  W.  gas  compressor 
discharge 

Console 

1 

Temperature  element 
TE-154 

Steam  generator  out- 
let-tube  side 

Control  room 
readout 

1 

Temperature  element 
TE-155 

^team  generator  inlet- 
tube  side 

Local  (control 
room  readout) 

1 

Temperature  element 
TE-156  . 

Primary  coolant  pump 
suction 

Local  (control  • 
room  readout) 

1 

Temperature  element 
TE-157 

Reactor  outlet 

Local  (control 
room  readout) 

1 

Temperature  element 
TE-158 

Reactor  outlet 

Local  (control 
room  readout) 

1 

Temperature  element 
TE-159 

Primary  coolant  pump 
discharge 

Local  (control 
room  readout)  . 

1 

Temperature  element 
.  TE-164 

Pressurizer 

Local  (control 
room  readout) 

1 

Temperature  element 
TE-364 

Primary  coolant  pump 
uf^er  thrust  bearing 

Local  (control 
room  readout) 

1 

Temperature  element 
TE-365 

Primary  coolant  pump 
lower  thrust  bearing 

Local  (control 
room  readout) 

1 

Temperature  indicator 
TI-206 

Pri.  blowdown  down¬ 
stream  of  pressure 
reducing  valve 

Local 

1 

Temperature  indicator 

Seal  leakoff  of  filters 

Local 

1 

TI-357 
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Item 


Function 


Location 


Quantity 


Temperature  indicator  Reactor  outlet  Control  room  1 

TI-158 

Temperature  indicator  Pressurizer  Control  room  1 

TI-164 

Diff.  tetgp.  indicator  Differential  temperature  Control  room  1 

DTI- 155  across  reactor 

Average  temp,  record-  Primary  coolant  average  Control  room  1 

er  ATR-154  temperature  ^ 

Temperature  switch  Primary  coolant  high  Control  room  1 

HTSA-150  temperature  alarm 

Temperature  switch  Primary  coolant  high  Control  foom  1 

HTSC-150  temperature  scram 

Temperature  switch  P.  C.  pump-upper  thrust  Control  room  1 

HTS-364  brg.  high  temp,  alarm 

Temperature  switch  P.  C.  pump-lower  thrust  Control  room  1 

HTS-365  brg.  high  temp,  alarm 

Temperature  indicator  Primary  coolant  pump  Control  room  1 

TI-364  pump  bearings 

Temperature  indicator  Spent  fuel  tank  recirc.  Local  1 

TI-361  cooler-heater  inlet 

Temperature  indicator  Spent  fuel  tank  recirc.  Local  1 

TI-375  cooler-heater  disch. 

Temperature  elements  Upper  shield  tank  Local  (control  3 

TE-366,  367,  368  room  readout) 

Temperature  elements  Lower  shield  tank  Local  (control  3 

TE-369, 370, 371  room  readout) 

Temperature  elements  Spent  fuel  tank  Local  (control  3 

TE-372, 373, 374  room  readout) 

(  Temperature  element  Vapor  container  Local  (control  1 

TE-363  room  readout) 

Temp,  indicator  and  Miscellaneous  Control  room  1 

selector  switch  temperatures 

TI-363 

Temperature  indicator  V.  C.  cooling  H2O  tank  Local  1 

TI-379 

Temperature  indicator  C.W.  from  P.  C.  pump  Local  1 

TI-382 

Temperature  indicator  C.W.  to  C.W.  cooler  Local  1  * 

TI-384 

Temperature  indicator  Secondary  blowdown  Local  1 

TI-601 

Temperature  indicator  Secondary  blowdown  Local  1 

TI-606 

Flow  indicator  Input  to  primary  make-  Local  1 

FI-219  up  tank 


10-10 


Item 


Function 


Location 


Quantity 


Flow  transmitter 

Primary  coolant 

Local  to  re¬ 

3. 

FX-151, 152, 153 

mote  readout 

Flow  indicator 

Primary  coolant 

Control  room 

1 

FI-151 

Flow  switch 

Low  flow  alarm  pri¬ 

Control  room 

1 

LFSA-150 

mary  coolant 

Flow  switch 

Low  flow  scram  pri¬ 

Control  room 

1 

LFSS-150 

mary  coolant 

Flow  switch 

Low  flow  alarm  primary 

Local  alarm  in 

1 

LFSA-257 

makeup  tank  outlet 

control  room 

Flow  indicator 

Primary  blowdown  to 

Local 

1 

FI-207. 

filters  and  deminer¬ 
alizers 

Flow  meter 

e.  W.  from  P.  e.  pump 

Local 

1 

FI-383 

Flow  meter 

e.W.  toe.w.  cooler 

Local 

1 

FI-385 

Flow  switch 

V.  e.e.W.  pumps  low 

Local 

1 

LFSA-381 

flow  alarm 

Flow  switch 

V.  e.  e.  W.  pump  low 

Local 

1 

LFSC-381 

flow  switchover 

Flow  meter 

Secondary  blowdown 

Local 

1 

FI-608 

Level  elements 

Pressurizer  level 

Local  (control 

2 

LE-165,  166 

room  readout) 

Level  elements 

Steam  generator  level 

Local  (control 

2 

LE-401,  402 

room  readout) 

Level  indicating 

Pressurizer  level 

Control  room 

1 

controller 

Lie- 166 

Level  indicator 

Pressurizer  level 

Control  room 

1 

U-165 

Level  indicating  con¬ 

Steam  generator  level 

Control  room 

1 

troller  Lie -402 
Level  indicator 

Steam  generator  level 

Control  room 

1 

LI-401 

Level  gauge 

Primary  makeup  tank 

Local 

1 

LG-251 

level 

Level  switch 

Pressurizer  high  level 

Control  room 

1 

HLSA-165 

alarm 

Level  switch 

Pressurizer  low  level 

Control  room 

1 

LLSA-165 

alarm 

Level  switch 

Steam  generator  high 

Control  room 

1 

HLSA-401 

level  alarm 

Level  switch 

Steam  generator  low 

Control  room 

1 

LLSA-401 

level  alarm 
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Item 


Level  switch 
HLSA/LLSA-351 

Level  switch 
HLSA/LLSA-352 

Level  switch 
HLSA/LLSA-358 
Level  switch 
HLSA-255 
Level  switch 
LLSA-256 
Level  controller 
LC/LCV-252 
Level  element 
LE-914 

Level  indicator 
LI-914 
Level  switch 
HLSA-915 
.  Level  switch 
LLSA-915 
Level  element 
LE-916 
Level  switch 
HLSA-917 
Level  switch 
LLSA-917 
Level  element 
LE-918 
Level  switch 
HLSA-919 
Level  switch 
LLSA-919 
Level  switch 
HLSA-920 
Level  switch 
HLSC-920 
Level  switch 
LLSA-921 
Level  switch 
LLSC-9^1 
Level  indicator 
LI-376 

Level  control  and 
valve  LCV-377 
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Function 

Location  OnanfUir 

Upper  shield  tank  high 

Local  (control 

1 

and  low  level  alarm 

room  annunci¬ 

Lower  shield  tank  high 

ator) 

Local  (control 

1 

and  low  level  alarm 

room  annunci¬ 
ator) 

Local  (control 

Spent  fuel  tank  high  and 

1 

low  level  alarm 
Primary  makeup  tank 

room  annunciator) 
Local 

1 

high  level  alarm 
Primary  makeup  tank 

Local  (control 

1 

low  level  alarm 

room  annunciator) 

Primary  makeup  tank 

Local 

1 

H.  W.  tank  no.  1 

Local 

1 

H.  W.  tank  no.  1,2,3 

Console 

1 

H.  W.  tank  no.  1 

Local 

1 

H.W.  tank  no.  1 

Local 

1 

H.  W.  tank  no.  2 

Local 

1 

H.  W.  tank  no.  2 

Local 

1 

H.W.  tank  no.  2 

Local 

1 

H.  W.  tank  no.  3 

•Local 

1 

H.  W.  tank  no.  3 

Local 

1 

H.  W.  tank  no.  3 

Local 

1 

H.W.  condensate  tank 

Local 

1 

H.W,  condensate  tank 

Local 

1 

pump 

H.W.  condensate  tank 

Local 

1 

H.W.  condensate  tank 

Local 

1 

pump 

V.C.  C.W.  tank 

Local 

1 

V. C.  C.W.  tank 

Local 

1 

t 


Item 


Function 


Location 


Quantity 


Level  switch 

LLSC-378 

V.  C.  C.  W.  tank  pump 
shutdown 

Local 

1 

Level  switch 

LLSA-378 

V.C.  C.W.  tank  low 
level  alarm 

Local 

1 

Reactor  thermal 
power  computer 

Reactor  thermal  power 
power 

Control  room 

1 

and  recorder 

QR-163 

Oxygen  analyzer 
O2X-210 

Determine  oxygen 

Content  of: 

(1)  Contaminated  waste 
to  hot  waste  tank 

(2)  Pri.  blowdown  up¬ 
stream  of  primary 
makeup  tank 

(3)  Pri.  makeup  pump 
suction  header 

(4)  Secondary  blowdown 

(5)  Condenser  hotwell 

Lbcal  (control 
room  readout) 

1 

Oxygen  recorder 
O2R-210 

Oxygen  content 

Control  room 

1 

Conductivity  element 
CE-218 

Pri.  blowdown  upstream 
of  primary  makeup 
.  tank 

Local  (control 
room  readout) 

1 

Conductivity  recorder 
CR-218 

Conductivity  of  various 
streams  in  primary 
and  secondary  systems 

Control  room 

1 

Switch 

HCSA-218 

Pri.  blowdown  to  primary  Control  room 
m.  u.  tank  high  conduct¬ 
ivity  alarm 

1 

pH  Detector 
pHX-220 

Pri.  blowdown  to  primary  Local 
makeup  tank 

1 

pH  Indicator 
pHI-209  with 
selector  switch 

Primary  blowdown  to 
filters  and  makeup 
tank  after  pHI-209 

Control  room 

1 

Switch 

HPHSA-220 

Pri.  blowdown  to  pri. 
makeup  tank  high 
pH  alarm 

Console 

1 

Switch 

LPHSA-220 

Pri.  blowdown  to  pri. 
makeup  tank  low 
pH  alarm 

Console 

1 

Transmitter 

Pri.  blowdown  to  filters 

Local 

1 

pHX-209 

Switch 

Pri.  blowdown  to  filters 

Console 

1 

HpHSA-209 

Switch 

LpHSA-209 

Pri.  blowdown  to  filters 

Console 

1 

« 
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Item 

Function 

Location 

Quantity 

Control  valve 

Pri.  makeup  to  P.  C. 

Local 

1 

LCV-166 

Conductivity  cell 

Secondary  blowdown 

Local 

1 

CE-607 

Switch 

Secondary  blowdown 

Console 

1 

HCSA-607 

Control  valve 
RCV-605 

Secondary  blowdown 
highrad.  dump 

Local  ’ 

1 

Level  switch 
HLSA/HLSC-922 

H.W.  200  gal.  hold¬ 
ing  tank 

Local 

1 

Level  switch 
HLSA/LLSA-923 

H.W.  200  gal.  hold¬ 
ing  tank 

Local 

1 

10. 3  VAPOR  CONTAINER  WIRING 


The  vapor  container  wiring  design  will  follow  the  same  general  intent  of 
simple  erection  and  dismantling.  However,  special  problems  are  present 
since  all  elements  contained  inside  the  vapor  container  are  not  mounted  on  the 
primary  skid. 

When  shipped,  the  primary  skid  will  contain  the  reactor,  steam  gener¬ 
ator  and  primary  coolant  pump.  Instruments  mounted  on  these  elements  will 
have  leads  carried  to  a  junction  box  mounted  on  the  vapor  container  wall, 
through  rigid  cohduit  installed  on  erection.  Instrument  leads  from  other  ele¬ 
ments  installed  within  the  vapor  container  will  be  carried  to  the  same  junction 
box  in  the  same  manner.  From  this  junction  box,  leads  will  be  run  in  multi¬ 
conductor  cables  contained  in  rigid  conduit  to  and  through  the  vapor  container 
penetrations  to  a  receptacle  termination  on  the  outside  of  the  vapor  container. 
This  entire  run  will  be  waterproof  for  the  protection  of  the  conductors. 

The  power  leads  for  the  primary  coolant  pump  motor  will  be  run  through 
waterproof  rigid  conduit  to  a  junction  box  mounted  on  the  pump.  This  junction 
box  will  contain  receptacles  where  the  incoming  leads  can  be  plugged  in  to 
serve  the  motor.  There  will  be  a  short  run  in  flexible,  water  tight  conduit  to 
make  unplugging  simple  and  to  carry  the  power  lead  up  to  rigid  conduit  on  the 
vapor  container  wall.  This  conduit  will  carry  the  leads  out  through  the  pene¬ 
tration  to  a  receptacle  termination  on  the  outside  of  the  vapor  container.  All 
of  this  run  will  be  waterproof  to  maintain  the  integrity  of  the  conductor  and  the 
vapor  container. 

The  control  rod  drives  willjbe  shipped  separately  from  the  primary  skid 
and  installed  at  the  site.  The  leads  for  these  drives  will  be  brought  through 
flexible,  water  tight  conduit  to  a  junction  box  mounted  on  the  concrete  shield 
near  these  drives.  From  this  point  multi-conductor  plug-in  cable  will  carry 
the  leads  through  flexible  and  rigid  conduit  to  the  plug  in  receptacle  termination 
on  the  outside  of  the  vapor  container. 
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The  terminal  end  of  the  pressurizer  heaters  will  be  eiqposed  in  a  termi¬ 
nal  box  on  the  pressurizer.  The  heater  leads  'will  be  carried  from  this  box 
through  flexible  water  tight  conduit  to  a  junction  box  mounted  on  the  vapor 
contaiher  wall  and  from  this  point  through  a  multi-cOnductor  cable  contained 
in  conduit  to  the  receptacle  termination  on  the  outside  of  the  vapor  container. 

Leads  from  the  radiation  monitors  and  telephone  circuits  will  be  carried 
to  a  common  junction  box  on  the  vapor  container  wall  and  out  to  the  receptacle 
termination  on  the  outside  of  Um  vapor  container  in  a  fashion  similar  to  the 
above  runs.  Lighting  leads  will*be  entirely  in  rigid  conduit  from  the  lights  to 
the  junction  box  and  out. 

Wiring  the  vapor  container  in  the  above  fashion  will  simplify  site  erection 
and  keep  vdpor  container  penetrations  to  a  minimum.  At  the  receptacle  tet'mi- 
natlon  on  the  outside  of  the  vapor  container  multi-conductor  cables  could  be 
plugged  in  and  trained  up  into  the  open  overhead  raceways  whlbh  carry  the  con¬ 
ductors  throughout  the  plant. 

The  details  of  the  vapor  container  penetrations  are  shown  on  Dwg. 

M  11594-74. 

10. 4  WIRING »  PI^IMARY  AUXILIARIES  SKID 


The  motor  controls  for  the  motors  located  on  the  primary  auxiliaries  skid 
will  be  mounted  on  the  skid  with  the  motors.  Power  leads  from  the  motors  will 
be  run  to  the  motor  starters  through  rigid  conduit  permanently  installed  on  the 
skid.  The  power  leads  will  leave  these  motor  starters  through  flexible  cable 
which  will  be  trained  up  to  the  open  raceway  which  will  carry  power  and  control 
wiring  through  the  station. 

Control  and  instrument  wiring  will  be  carried  to  a  junction  box  mounted  at 
the  end  of  the  skid  and  collected  on  multi-conductor  receptacles.  Multi-conductor 
cables  will  be  plugged  into  these  receptacles  and  then  trained  up  into  the  open 
cable  raceway  to  be  carried  to  other  points  in  the  station. 

10. 4. 1  Interconnecting  Wiring  and  Piping 

Piping  from  the  primary  skid  to  the  auxiliary  skid  with  its  problems  of 
vapor  container  penetrations,  is  a  field  erection  aspect.  The  geometry  of  lines 
operating  at  elevated  temperatures  is  such  as  to  allow  anchoring  to  the  concrete 
shield-wall  base  while  maintainiiig  the  preesure  integrity  of  the  vapor  container. 
The  penetrations  are  made  below  the  floor  level  for  the  attenuation  of  neutron 
streaming.  Shut-off  valves  and  drips  are  provided  in  the  pit  but  are  accessible 
for  setting  and  maintenance  without  descending  into  the  pit.  Piping  is  supported 
from  catwalk  framing  inside  the  vapor  container  and  from  the  overhead  outside 
it.  Piping  to  and  from  the  spent  fuel  pit  is  entirely  304  SS  buried,  as  is  piping 
to  the  contaminated  waste  facilities  and  storage. 
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The  vapor  container  and  primary  auxiliaries  skid  wiring  is  described 
in  preceding  paragraphs.  On  all  other  skids  the  wiring  contained  within  the 
skid  is  installed  in  rigid  and  flexible  conduit. 

Control  wiring  leaving  the  skid  is  brought  to  junction  boxes  and  termi¬ 
nated.  From  this  point  multi-conductor  plug-in  cables  carry  the  wiring  to  the 
skid  designated  in  overhead  raceways,  ^t  each  skid  connection,  a  short  run 
of  flexible  conduit,  for  the  purpose  of  disconnection,  and  rigid  conduit,  pro¬ 
tect  the  cable  between  the  raceway  and  skid. 

Power  leads  are  run  from  point  to  point  in  the  station  in  raceways.  At 
the  skids,  rigid  conduit  carries  the  power  leads  directly  to  the  equipment  con¬ 
trol  to  which  it  is  connected. 

10.  5  ELECTRICAL  SYSTEM 

The  electrical  system  functions  to  supply  the  station  auxiliaries  with 
their  required  power  and  to  deliver  the  net  output  of  the  station  generator  to 
the  local  distribution  system^ 

The  output  of  the  generator  is  delivered  to  the  station  bus  at  4160  volts, 

3  phase,  4  wire  and  60  cycle  through  a  2000  amp  circuit  breaker.  A  relay 
protective  scheme  provides  the  generator  with  differential,  overcurrent,  and 
short  circuit  protection.  Generator  excitation  is  provided  by  a  40  KW  motor 
driven  exciter  and  a  spare  exciter  is  supplied  in  the  event  of  exciter  failure. 

A  metering  scheme  is  provided  to  monitor  the  generator  output  and  a  synchro¬ 
scope  is  provided  for  paralleling,  operations. 

Duplicate  1000  KVA  transformers  are  connected  to  the  4160  volt  station 
bus  through  1200  amp  circuit  breakers  to  provide  parallel  service  to  the 
station  auxiliaries.  A  metering  scheme  monitors  the  amount  of  load  carried 
by  each  transformer  and  an  overcurrent  relaying  scheme  is  provided  to  oper¬ 
ate  high  and  low  side  breakers  for  transformer  protection. 

Normally  each  transformer  carries  approximately  half  of  the  total  run- 
nii^  load  of  1205  KVA  and  operates  self-cooled.  Upon  loss  of  either  transform¬ 
er  the  tie  breaker  would  transfer  the  total  load  to  the  operative  transformer 
which  would  operate  forced-air  cooled  until  normal  service  is  restored. 

The  auxiliary  loads  are  divided  between  busses  normally  operated  sepa¬ 
rately  to  insure  at  least  partial  plant  operation  in  the  event  of  equipment  failure. 
This  division  is  detailed  on  the  One  Line  Diagram. 

Two  2000  amp  circuit  breakers  connect  4160  volt  outgoing  feeders  to  the 
station  bus.  A  protective  relay  scheme  is  provided  to  protect  the  feeder  and 
station  bus  from  faults.  A  metering  scheme  monitors  the  load  carried  by  each 
feeder  and  a  synchronizing  scheme  operates  in  conjunction  with  the  generator 


synchroscope  to  parallel  either  feeder  with  the  generator. 

The  above  electridial  system  is  detailed  on  Dwg.  M  11594-26.  Values 
given  for  motor  and  heater  sizes  are  preliminary  as  development  work  on 
the  SM-2  electrical  system  was  terminated  at  the  time  the  conceptual  design 
of  the  SM-2  Complex  m  was  initiated.  At  this  time,  the  process  system  de¬ 
signs  were  not  finalized  and  consequently  motor  and  heater  sizes  were  still 
fluid. 
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11.0  FUEL  HANDLING  yOOLS 


.  The  objective  of  the  design  program  for  the  SM-2  fuel  handling  tools  is  to 

develqp  tools  which  are  functional,  easily  handled,  simple  to  operate  and  low  in 
cost.  Tools  are  to  be  designed  for  handling  the  core  components  during  the  re-  * 
fueling  procedure. 

The  most  practical  approach  is  to  design  lightweight,  portable,  manually- 
operated  tools  handling  as  many  functions  as  possible.  Sih'ce  the  re-fueling  pro¬ 
cedure  is  carried  out  remotely  under  water,  a  long  handle  will  be  common  to  all 
tools.  Interchangeable  end  tools  fitting  the  same  handle  would  reduce  the  cost 
and  simplify  the  storage  of  the  tools. 

Tools  used  for  repetitious  operations  such  as  removing  fuel  elements, 
absorbers,  and  control  rod  caps  could  utilize  a  handle  which  the  operator  could 
telescope  during  operation.  The  tool  could  be  crane-siqpported  and  operated 
•  at  platform  level.  No  counter^bh.lance  weights  would  be  required.  The  operator 
would  have  precise  control  of  the  tool  and  efficiency  would  be  greater  than  with  a 
fixed- length  handle. 

A  design  was  developed  for  telescoping  two  tubes  by  means  of  a  crank, 
cable,  and  pulley  system.  This  design,  shown  on  M11594-84,  utilizes  a  crank, 
rod  and  tube  to  actuate  a  screw  which  operates  the  jaws  of  the  interchangeable 
tools.  These  tools  are  attached  to  the  end  of  the  handle  with  a  knurled  lock  nut. 

The  1/8  in.  diam  stainless  steel  cable  is  in  two  sections  with  one  end 
of  each  section  fastened  to  a  fixed  lifting  pin  at  the  top  end  of  the  inside  tube. 

The  other  end  of  one  cable  is  fastened  to  a  take-up  drum  in  the  control  box 
and  the  other  end  of  the  second  cable  is  passed  over  the  fixed  pulley  at  the  bot¬ 
tom  of  the  outside  tube  and  back  to  the  second  take-up  drum.  Thus,  for  extend¬ 
ing  the  inside  tube,  the  cable  around  the  fixed  pulley  pulls  the  tube  down  when 
the  take-up  drum  is  rotated  and  the  second  take-up  drum  lets  out  the  cable  which 
is  fastened  to  the  lifting  pin.  The  reverse  of  this  operation  retracts  the  inside 
tube. 

A  ratchet  on  one  cable  take-up  drum  holds  the  lower  telescoping  tube  at 
any  extended  length  and  a  safety  lock  prevents  the  ratchet  from-  being  unlocked 
4  accidentally  while  the  tool  is  being  handled. 

The  latch  operating  rod  slides  inside  a  square  tube  when  the  handle  sec¬ 
tions  are  telescoped.  A  square  bar  fastended  to  the  bottom  end  of  the  rod  in¬ 
side  the  square  tube  transmits  the  torque  to  rotate  the  screw  on  the  tool. 

Two  tube  supports  with  guide  bushings  are  provided  to  prevent  bowing  of 
the  latch  rod  and  tube. 
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Two  Teflon  guide  rings  are  provided  for  the  telescoping  tube  sections,  one 
at  the  top  end  oi  the  inside  tube  and  one  at  the  bottom  end  of  the  outside  tube. 

This  telescoping  handle  can  be  used  with  three  tools,  the  combination  fuel 
handling  tool,  the  control  rod  cap  tool,  and  the  retrfeving  tool. 

The  combination  fuel  handling  tool.  Mil 594-82,  is  capable  of  handling  the 
stationary  fuel  elements,  control  rod  fuel  elements,  and  absorbers.  It  also 
can  be  used  to  replace  the  photo-neutron  startiqp  source  in  the  core. 

The  combination  fuel  handling  tool  consists  of  a  pair  of  interlocking  jawS,' 
connected  by  a  toggle  linkage  to  a  nut  and  screw.  The  latch  rod  in  the  telescop¬ 
ing  handle  is  used  to  rotate  the  screw  which  pulls  up  the  nut  and  opens  the  jaws 
of  the  tool.  The  fuel  elements  have  a  lifting  tab  with  a  hole  to  be  gripped^  with 
the  jaws  of  the  tool.  The  absorber  has  a  straight  lifting  pin  which  is  gripped 
with  the  tool.  The  photo- neutron  source  is  supplied  with  a  wire  loop  to  be 
gripped  with  the  tool. 

The  retrieving  tool,  M11594-83,  is  provided  for  picking  up  objects  which 
have  fallen  into  the  reactor.  It  consists  of  a  pair  of  claw- type  jaws  actuated  in 
the  same  manner  as  the  jaws  of  the  combination  fuel  handling  tool.  It  is  capable 
of  picking  i^)  a  dropped  fuel  handling  element.  If  necessary,  side  pieces  can 
be  attached  to  the  jaws  lO  form  a  bucket  for  picking  up  small  objects. 

The  control  rod  cap  tool,  M11594-80,  is  used  with  the  telescoping  handle 
to  remove  the  control  rod  caps  from  the  top  end  of  the  control  rod  tubes  and " ' 
transport  them  to  the  dummy  tubes  for  storage. 

The  cap  tool  consists  of  a  spring-loaded  cap  body  and  a  pair  of  vertical 
latches.  The  tool  is  placed  over  the  cap  and  depressed  about  1/2  in.  to  disengage 
a  locking  pin  from  a  notched  slot  in  the  cap  sleeve.  Then  the  cap  is  rotated 
45^  counterclockwise  to  disengage  the  lugs  which  lock  the  cap  to  the  control  rod 
tube.  At  the  same  time,  the  latches  slide  over  the  cam  surface  of  the  cap  and 
catch  under  the  extended  edge  of  the  cap.  Release  of  pressure  on  the  cap  allows 
the  spring-loaded  cap  body  and  pin  to  engage  the  notch  in  the  slot  and  lock  the 
cap  on  the  tool.  The  cap  can  then  be  lifted  free  of  the  tube. 

A  tool  is  required  for  lifting  the  core  grid  plate  which  weighs  approximately 
300  pounds.  The  telescoping  handle  is  not  adequate  to  lift  this  plate  so  another 
handle.  Mil 594-85  was  designed  to  be  used  for  this  purpose. 

This  handle  consists  of  a  tube  with  a  knurled  lock  nut  on  the  bottom  end 
for  attachment  to  the  tool*.  A  slot  in  the  end  engages  a  pin  on  the  tool  to  prevent 
relative  rotation  and  possible  unthreading  of  the  lock  nut. 


To  remove  the  core  gfid  plate,  the  grid  plate  lifting  tool,  Mil 594-81,  is 
placed  on  top  of  the  grid  plate  with  the  four  radial  arms  of  the  tool  positioned 
adjacent  to  the  latches  at  the  corners  of  the  grid  plate.  The  latches,  qperated 
with  the  grid  plate  latch  tool,  are  rotated  clockwise  to  release  them  from  the* 
tie  rods  and  to  position  them  over  the  radial  lifting  arms.  The  grid  plate  is 
then  free  and  can  be  lifted  from  the  tie  rods. 

The  grid  plate  latch  tool,  M-11594-86,  is  used  with  handle  M-11594-85. 
This  tool  has  a  socket  end  which  fits  over  the  hexagonal  nut  welded  on  the  latch. 
Simultaneously,  a  pin  on  the  tool  depresses  a  spring-loaded  plunger  out  of  a 
hole  in  the  latch  and  the  tool  and  latch  can  be  rotated  clockwise.  A  second 
hole  in  the  latch  receives  the  plunger  when  the  tool  is  removed  and  the  latch 
is  locked  in  position  on  the  lifting  tool. 


r 


11-3 


Ollll 


HID 


MATERIAL; 

ALL  MATERIAL  TO  BE  6061- T6  ALUMINUM  EXCEPT 
AS  NOTED  fOf^ THE  FOlLO\VING  PARTS: 

LATCH  ROD  AND  SQUAR^  BAR-  TYPE  304  STM.  STL. 
SQUARE  TUBING  -  TYPE  304  STN.  STL. 

ADAPTER  FITTING  -  TYPE  304  STN  STL. 

GEARS  -  CAST  IRON  OR  |020  CARB  STL..PARKCRI2E0. 
CRANK  HANDLES-  MALL.  IRON. 

SHAFTS- TYPE  302  STN.  STU 

BUSHINGS- BRONZE 

telescoping  GUIDE  rings- teflon 

CAP5CRCWS,MUTS  LOCKWA^sHERS,  PiNS  -  TYPE  302oR303 

STM.  STL. 

CABLE  -  TYPE  30ZOR303  STN.  STL. 

LIFTING  BAIL-  |0 20  CARBON  STEEL,  PARisERIZEO. 


MATERIAL. 


ALL  MATERIAL  TO  BE  6061-T6  ALO| 
AS  NOTED  FOR  THE  FOLLOWING  p| 
CONNECTING  NUT-  TYPE  304  STnJ 
LIFTING  EYE -CARBON  STEEL  SA^ 


0 
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MATERIAL; 

ALL  MATERIAL  TO  BE  606I-T6  ALUMINUM  EXCEPT 
AS  NOTED  FOR  THE  FOLLOWING  PARTS: 

CONNECTING  NUT- TYPE  30A  STN.  STL. 

LIFTING  EYE -CARBON  STEEL  SAE-1020  ,  PARKERIZEO. 


12.0  WASTE  DISPOSAL  SYSTEM 


12. 1  LIQUID  WASTE  DISPOSAL 


An  SM-2  waste  disposal  system  must  be  capable  of  processing  at  a  reasonable 
cost  both  high  and  low  solids  waste  containing  varying  amounts  of  radioactivity. 

The  system  must  also  be  provided  with  some  flexibility  as  the  SM-2  site  has 
not  been  firmly  established.  Since  even  an  unlimited  supply  of  water  will  not 
permit  the  established  activity  tolerances  to  be  achieved  by  dilution,  some 
processing  is  required.  Evaporation,  with  its  high  decontamination  efficiency, 
appears  to  be  most  suitable  for  processing  the  range  of  liquid  wastes  that  will 
be  encountered  in  the  operation  and  decontamination  of  the  SM-2  plant.  A  de¬ 
tailed  discussion  concerning  the  factors  which  lead  to  the  choice  of  evaporation 
may  be  found  in  APAE  No.  56.  (1) 

Hot  liquid  wastes  will  be  derived  from  the  following  sources: 

1 .  Laboratory,  sampling  and  laundry. 

2.  Decontamination  solutions  and  rinses. 

3.  Primary  coolant  contaminated  by  a  failed  fuel  element. 

Processing  of  liquid  wastes  will  follow  the  procedure  described  below: 

1.  All  wastes  will  first  drain  into  a  2500  gal.  tank. 

2.  A  sump  pump  will  pump  the  liquid  waste  from  the  2500  gal  tank  into 
one  of  two  5000  gal  storage  tanks.  The  pH  of  the  liquid  collected  in 
the  2500  gal  tank  will  be  checked  before  it  is  pumped  to  the  larger 
tanks.  If  it  is  acidic,  caustic  will  be  added  to  raise  the  pH. 

3.  During  normal  operation,  about  2500  gal  will  be  allowed  to  accumulate 
in  one  of  the  5000^gal  tanks.  Additional  waste  will  then  be  diverted  to  the 
other  5000  gal  tank  while  the  waste  in  the  first  tank  is  allowed  to  decay 
for  1  to  2  months.  ’ 

4.  After  the  liquid  waste  has  undergone  a  period  of  undistutlied  decay,  it 
will  be  pumped  to  a  holding  tank  and  subsequently  to  a  stainless  steel 
evaporator. 

5.  The  concentrated  bottoms  Accumulating  in  the  evaporator  will  be  drawn 
off  to  a  drumming  station  to  be  packaged  in  prefabricated  steel  drums 
shielded  by  concrete  (on  all  sides  except  the  top).  The  drums  will  con¬ 
tain  vermiculite.  After  being  filled,  the  drums  will  be  sealed  with 
ready-mix  concrete  and  stored  at  the  site  until  they  are  shipped  to  a 
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waste  processing  center  for  final  disposal. 

6.  The  condensate  from  the  evaporator  will  be  collected  in  a  tank.  The 
condensate  will  be  pumped  from  the  collection  tank  into  the  main  con¬ 
denser  cooling  water  discharge  line  at  a  r  ate  which  will  ensure  that  the 
water  being  discharged  into  the  lake  or  river  will  have  an  activity  of 
less  than  1  x  fJLc/cc. 

7.  If  a  laboratory  analysis  of  samples  from  the  waste  collection  tanks 
shows  that  the  activity  of  the  liquids  is  below  1  x  10"7  jJuc/cc,  the 
evaporator  can  be  by-passed  and  the  liquid  sent  directly  to  the  main 
condenser  discharge  line. 

8.  Decontamination  cycles  1-3  which  includes  both  decontaminating  solu¬ 
tions  and  one  water  rinse,  will  be  collected  in  one  of  the  5000  gal  tanks. 

A  steam  heating  coll  in  the  tank  will  allow  the  temperature  to  be  raised 
to  85^0  so  that  the  reaction  between  the  decontaminating  solutions, 
which  yields  a  slurry  of  manganese  dioxide,  can  be  completed  within 

a  few  hours. 

9.  The  manganese  dioxide  slurry  will  be  mixed  by  a  mechanical  agitator 
while  it  is  being  pumped  to  the  holding  tank.  A  mechanical  agitator  in 
the  holding  tank  will  keep  the  slurry  well  mixed  as  it  is  being  fed  to 
the  evaporator. 

10.  Decontamination  cycles  4-6  which  are  water  rinses  will  be  discharged 
directly  into  the  main  condenser  cooling  water  line  if  the  activity  can 
be  diluted  to  below  1  x  10“ 7  fjic/cc.  If  these  activity  levels  cannot  be 
obtained  the  rinses  will  be  processed  in  the  evaporator. 

11.  Connections  have  been  provided  for  a  demineralizer.  Therefore,  in  the 
event  the  evaporator  becomes  inoperable,  waste  processing  could  be 
done  by  demineralization.  Also,  if  the  activity  of  the  liquid  waste  is 
low  but  not  low  enough  to  be  diluted  sufficiently,  it  could  be  cleaned  up 
in  the  demineralizer  instead  of  being  processed  by  the  evaporator. 

During  normal  plant  operations,  liquid  wastes  will  accumulate  at  the  rate 
of  470  gal/mo  if  the  sample  stream  from  the  continuous  oxygen  analyzer  is  put 
back  into  the  primary  system.  Otherwise,  the  accumulation  of  liquid  wastes 
may  range  up  to  1610  gal  per  month.  Close  to  10000  gal  of  liquid  will  be  collected 
during  decontamination.  The  evaporator  with  its  50  gph  capacity  should  be 
adequate. 


12.  2  GASEOUS  WASTE  DISPOSAL 


All  tanks  holding  radioactive  liquid  waste,  as  well  as  the  liquid  waste 
evaporator,  will  be  vented  to  a  compressor  intake  manifold.  When  a  small 


positive  pressure  is  built  up  in  the  vent  lines,  the  compressor  will  be  actuated. 
The  gases  will  be  drawn  through  an  absolute  filter  and  compressed  in  cylinders 
capable  of  containing  up  to  1000  psi.  The  gases  stored  in  the  cylinders  will 
undergo  a  6  month  period  of  undisturbed  decay.  At  the  end  of  this  period, 

Kr85  will  be  the  only  radioactive  gas  present  in  any  significant  concentration. 
Under  these  condition^  it  will  be  permissible  to  release  the  gases  to  the 
atmosphere  at  3  x  10"  ‘  ptc/cc. 
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13. 0  SPENT  FUEL  SYSTEM 


13.1  TRANSFER  SYSTEM 


The  spent  fuel  transfer  system  (Dwg.  M11594-59)  incorporates  the  advantages 
of  a  horizontal  transfer  tube.  The  spent  fuel  chute  under  the  45°  angle  as  used  in 
the  SM>1  and  SM-IA  vapor  container  designs  requires  that  the  bottom  of  the  pit 
be  located  considerably  below  the  elevation  required  for  safe  storage. 

The  distance  between  the  reactor  and  spent  fuel  tank  center  lines  is  24  ft 
9  in.  Transfer  of  the  fuel  elements  is  by  means  of  a  sled  (Dwg.  Mil 594-61) 
actuated  through  a  6  in.  stainless  steel  Schedule  40  pipe  by  a  steel  band,  used 
similar'to  a  plumber's  or  electrician's  snake.  Integrity  of  spent  fuel  tank  and 
vapor  container  is  maintained  by  a  6  in.,  150  lb  stainless  steel  gate  valve  at 
each  end  of  the  pipe.  Valve  stem  extensions  are  provided  so  that  these  valves 
can  be  opened  or  closed  from  the  operating  platforms  in  the  vapor  container 
and  over  spent  fuel  tank.  Sled  is  so  designed  that  it  will  pass  through  the 
valves  when  they  are  in  the  fully  open  position. 

Sincev compacted  backfill  will  serve  as  secondary  shielding  between  the 
vapor  container  and  spent  fuel  tank,  a  15"  corrugated  culvert  pipe  will  enclose 
the  6  in.  transfer  pipe  to  prevent  any  differential  settlement.  It  will  be  neces¬ 
sary  to  install  a  clamp  joint  in  the  middle  of  this  15  in.  pipe. 

The  fuel  element  carriage  is  so  designed  that  it  will  remain  in  a  horizontal 
position  during  the  transfer,  but  at  either  end,  a  lightweight  basket  within  the 
carriage  can  be  tilted  into  a  vertical  position  and  held  there  by  a  gravity- acting 
stop  so  that  elements  caii  be  inserted  or  removed.  The  basket  can  be  returned  to  the 
horizontal  position  by  a  push  of  the  stop  with  a  tool. 

Personnel  will  perform  spent  fuel  transfer  from  platforms  in  the  vapor 
container  and  over  the  spent  fuel  tank.  No  special  tools  beyond  the  regular  ele¬ 
ment  handlers  are  contemplated. 


13.2  SPENT  FUEL  PIT 

The  spent  fuel  pit  (Dwg.  M11594-59)  is  a  shop  fabricated  vessel  of  stainless 
steel.  It  is  cylindrical  in  shape  with  inside  diameter  of  108  in.  and  depth  of 
16  ft,  6  in.  A  determination  of  earth  pressures  and  fill  surcharges  will  deter¬ 
mine  the  thickness  and  bracing  required,  and  it  now  seems  evident  that  these 
values  will  probably  dictate  that  the  pit  be  designed  as  the  inside  form  for  a 
concrete  structure  to  carry  these  loads. 

The  spent  fuel  pit  is  as  close  as  possible  to  the  vapor  container,  consistent 
with  secondary  shielding  requirements. 


Design  of  the  spent  fuel  tank  Includes  receptacles  for  90  elements  plus  space 
for  a  spent  fuel  shipping  cask. 

The  tank  cover  will  consist  of  removable  sections  which  will  facilitate 
spent  fuel  transfer.  An  overhead  crane  is  provided  over  the  pit  to  aid  during 
transfer  operations. 

Spent  fuel  tank  water  temperature  will  be  regulated  by  pumping  water 
through  a  cooler  when  temperature  reaches  150°F  or  over  bayonet  heaters  to 
prevent  freezing.  Pump  is  designed  for  10  gpm  at  43  psig.  Tank  will  be  equip¬ 
ped  with  a  filtering  system  to  maintain  purity  of  water.  No  demineralizer  is 
intended  to  be  used,  but  provision  is  made  to  include  a  unit  in  the  system. 
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14.0  PRIMAR'/SHIELDING  DESIGN 


14.1  GENERAL 

AP  Note  167(^)  presents  the  initial  analysis  of  shielding  for  the  SM*2  reactor 
vessel  using  steel  rings,  water,  concrete,  lead  shot  and  lead  brick  as  shielding 
materials.  The  steel  ring-water  shielding  was  eliminated  from  further  considera¬ 
tion  because  of  excessive  cost  as  reported  in  the  cost  evaluation  presented  in 
APAE  Memo  224.  (2) 

A  water  annulus  for  neutron  shielding  with  a  surrounding  wall  of  concrete, 
lead  x>r  lead  shot  for  gamma  shielding  was  selected  as  the  best  approach  to  shield 
the  vessel.  Accordingly,  a  design  survey  was  started  comparing  these  materials 
in  a  range  of  thicknesses  with  the  objective  of  determining  an  optimum  combina¬ 
tion  of  shielding  with  respect  to  the  space  required.  The  results  of  this  survey 
are  reported  in  APAE  Memo  247.(3) 

Concrete  shielding  is  most  economical  and  will  be  used  where  space  per¬ 
mits,  prinicpally  in  the  area  between  the  reactor  and  the  vapor  container  at  the 
rear  of  the  skid.  Because  of  close  clearances  between  the  reactor  vessel  and 
the  steam  generator  and  primary  pump,  lead  brick  shielding  will  be  used  in  this 
area.  The  shielding  survey  indicates  that  lead  brick  shielding  requires  a  mini¬ 
mum  allowable  water  gap  of  23  inches.  Required  lead  brick  thickness  for  this 
water  annulus  is  7-1/2  inches.  Concrete  32-1/2  in.  thick  with  a  density  of  150  Ib/ft^ 
is  required  at  the  sides  of  the  skid  with  the  water  annulus  of  23  inches. 

The  lead  and  concrete  shielding  heights  are  equal.  The  lead  shielding  thick¬ 
ness  decreases  in  steps  to  7,  5,  3,  2  and  1  in.  as  shown  on  Dwg.  M11594-90. 

The  inlet  and  outlet  elbow  piping  penetrations  and  the  control  rod  drive  penetra¬ 
tions  are  shielded  by  lead  shot  contained  in  boxes  designed  to  provide  the  required 
shielding  thicknesses. 

Shielding  during  the  refueling  procedure  is  provided  by  an  upper  shield 
tank  above  the  reactor  containing  water  to  a  depth  of  approximately  17-1/2  ft  to 
the  centerline  of  the  core. 

The  primary  shielding  structure  consists  of  the  lower  shield  tank,  upper 
shield  tank,  lead  brick  shielding,  lead  shot  containment  b6xes,  and  the  concrete 
shielding.  The  upper  and  lower  shield  tanks  will  be  shop  fabricated.  The  lower 
shield  tank  will  be  shipped  assembled  on  the  primary  skid  while  the  upper  shield 
tank  will  be  shipped  separately  and  will  be  field.;welded  to  the  top  of  the  lower 
shield  tank.  The  lead  shot  containment  box  for  the  outlet  elbow  will  be  shipped 
independently  as  it  would  project  beyond  the  allowable  width  of  the  primary  skid 
if  it  was  shop  assembled.  Due  to  shipping  weight  limitations,  the  lead  hrick 
shielding  and  lead  shot  shielding  will  be  shipped  independently. 


The  lower  shield  tank  consists  of  the  inner  tank  shell,  outer  tank  shell,  base 
plate,  e^qpansion  joint,  cooling  coils,  dry  cap  drain  header,  jackscrews,  gussets^, 
and  lead  shot  containment  boxes.  The  inner  tank  shell  also  serves  as  the  vessel 
support  ring.  It  will  be  necessary  to  build  the  lower  shield  tank  in  place  around 
the  reactor  vessel. 

Four  support  lugs  on  the  vessel  project  through  openings  in  the  support  shell. 
On  each  support  lug,  a  wedge  is  inserted  in  the  clearance  between  the  top  of  the 
lug  and  the  top  of  the  opening.  This  wedge  keeps  the  vessel  held  down  during  ship¬ 
ment,  but  allows  radial  e^ansion  of  the  vessel  during  startup.  A  jackscrew  is 
mounted  on  the  support  shell  at  each  lug  for  centering  the  vessel  in  the  siqpport 
shell  and  to  keep  the  vessel  retained ‘during  shipment.  At  the  site,  these  jack- 
screws  are  removed  and  replaced  with  pipe  plugs  to  seal  the  jackscrew  holes 
against  water  leakage. 

The  e;q)ansion  joint  closes  off  the  annular  area  between  the  reactor  vessel 
and  inner  t^nk  shell.  It  retains  the  air  in  the  dry  cap  around  the  vessel  cover 
and  it  also  retains  the  upper  shield  tank  water  when  the  dry  cap  cover  is  re¬ 
moved  during  the  refueling  procedure, 

A  drain  header  with  four  equally  spaced  outlets  adjacent  to  the  e^ansion 
joint  at  the  lowest  level  in  the  dry  cap  allows  the  dry  cap  to  be  drained  or  filled 
with  water. 

Cooling  coils  of  one  inch  schedule  40  pipe  are  provided  around  the  top 
of  the  lower  shield  tank  to  remove  heat  from  the  shield  tank  water.  The  water 
will  be  maintained  at  an  approximate  temperature  of  150  degrees. 

Lead  shot  containers  are  provided  around  the  inlet  elbow,  outlet  elbow, 
and  control  rod  drive  shaft  tubes  for  shielding  these  openings  in  the  lead  brick. 

The  upper  shield  tank  consists  of  the  tank  shell,  base  rings,  dry  cap 
shell,  dry  cap  cover,  cooling  coils,  lower  tank  fill  tube,  and  storage  racks 
for  the  vessel  cover,  nuts,  core  grid  plate,  and  control  rod  caps. 

The  tank  shell  retains  the  shielding  water  over  the  reactor  during  the  re¬ 
fueling  procedure.  The  fuel  transfer  tube  to  the  spent  fuel  pit  is  mounted  on  the 
tank  shell  in  the  field.  The  hole  in  the  ..  tank  shell  must  be  located  and  cut  at 
assembly.  The  tank  shell  has  a  protruding  segment  to  provide  room  for  storing 
the  vessel  cover  in  a  vertical  position. 

The  base  ring  is  the  bottom  of  the  upper  tank  and  also  the  top  of  the  lower 
tank  when  the  upper  shield  tank  is  welded  in  position.  The  vessel  cover  storage 
rack  is  mounted  on  the  base  ring.  Also  mounted  on  the  base  ring  are  the  dummy 
studs  for  storing  the  seven  control  rod  caps  and  the  twenty-four  vessel  cover 
nuts.  Twelve  studs  are  provided  and  two  nuts  are  threaded  on  each  stud. 
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The  dry  cap  shell  and  the  dry  cap  cover  are  provided  to  retain  an  insulating 
blanket  of  air  around  the  reactor  vessel  flange  and  cover.  The  shell  and  dry  cap 
cover  are  insulated  to  prevent  heat  loss  to  the  shielding  water.  The  dry  cap  is 
designed  to  reduce  the  temperature  differential  through  the  metal  thickness  of 
the  vessel  cover  and  flange  and  thus  keep  thermal  stresses  to  a  minimum. 

For  refueling  the  reactor,  ^e  dry  cap  cover  must  be  removed  from  the 
upper  shield  tank  and  stored  in  a  rack  on  the  vapor  container  wall.  A  plate 
with  tapped  holes  is  welded  on  the  top  of  the  dry  cap  cover  to  store  the  capscrews 
when  they  are  removed  from  the  dry  cap  flange. 

A  vent  line  is  connected  to  the  dry  cap  shell  through  the  insulation  to  admit 
air  when  draining  the  dry  Cap. 

The  dry  cap  insulation  jacket  is  a  transition  piece  from  the  lower  tank  to  the 
upper  tank  and  must  be  field  installed  with  the  Insulation. 

The  core  grid  plate  storage  shelf  is  mounted  on  the  inside  of  the  tank  shell. 
The  shelf  is  hinged  to  allow  tool  clearances  for  removing  the  dry  cap  cover 
capscrews.  The  self  hinges  upward  and  a  latch  holds  the  shelf  in  a  vertical  posi¬ 
tion. 


Cooling  coils  of  one- inch  schedule  40  pipe  are  mounted  at  the  top  of  the 
upper  shield  tank  to  remove  heat  from  the  shield  tank  water.  The  colls  are 
designed  to  keep  the  water  at  a  maximum  temperature  of  150*^. 

The  fill  tube  for  the  lower  tank  is  mounted  in  the  upper  shield  tank.  It 
extends  from  the  base  ring  of  the  upper  tank  to  the  top  of  the  upper  tank.  The 
top  end  of  the  tube  is  flanged  for  mounting  the  water  level  control.  A  vent 
line  and  a  water  supply  line  are  connected  to  the  top  end  of  the  tube. 

Seven  Instrument  tube  wells  are  provided  for  two  compensated  ion  chambers, 
two  BFg  counters  and  three  safety  channels.  These  wells  are  made  of  four 
inch  tubing  with  11  gauge  wall.  A  junction  box  is  mounted  at  the  top  of  each 
instrument  tube  well.  These  wells  are  installed  in  the  field. 

The  bottom  end  of  the  tube  wells  for  the  BF3  counters  and  the  compensated 
ion  chambers  are  shielded  from  excessive  radiation  by  solid  lead  contained  in 
cylinders.  These  cylinders  are  supported  in  the  water  annulus  by  brackets 
mounted  on  the  vessel  support  shell.  The  BF3  counter  has  1-7/8  in.  of  shielding 
between  it  and  the  reactor  and  the  compensated  ion  chamber  has  5-1/8  in. 
of  shielding. 
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14.2  SmELDfflG  DgSlGN  ANALYSIS 


14.2.1  Introduction 


An  analysis  of  the  SM>2  shielding  was  performed  using  the  present  design 
which  is  based  upon  application  of  the  SM-2  to  a  nuclear  power  complex.  The 
high  quality  power  requirement  of  the  complex  predicates  uncompromised  use 
of  the  facilities  after  a  maximum  credible  accident.  The  analysis  is  illustrated 
with  parametric  data  which  will  permit  some  variations  in  the  shielding  for  other 
applications  with  little  additional  effort. 

14. 2. 2  Description  of  SM-2  Plant 


The  shielding  of  the  SM-2  reactor  system  was  designed  with  the  proposed 
application  in  mind  of  implementing  a  system  which  would  provide  6600  eKW  of 
high  quality  power.  The  prime  object  in  the  design  of  this  complex  is  to  provide 
an  uninterriq)ted  source  of  power.  Therefore,  continuity  of  power  generation 
on  changeover  from  reactor  to  standby  power  is  provided  for  in  the  form  of 
steam  accumulators.  The  layout  of  the  proposed  power  complex  is  shown  in 
Dwgij  M11594-6  and  M11594-7.  A  complete  description  of  the  complex  can  be 
found  in  APAE  68.(4) 

The  SM-2  core  is  made  up  of  45  stainless  steel  cald  plate-type  fuel  ele¬ 
ments  similar  to  those  in  the  SM-1  and  is  controlled  by  7  SM-1  type  EU2O3  con¬ 
trol  rods  in  an  open  arr^iy.  The  core  is  reflected  by  laminated  stainless  steel 
which  also  acts  as  thermal  shielding  and  is  contained  in  a  stainless  steel  pres¬ 
sure  vessel.  A  detailed  description  of  the  core  and  vessel  can  be  found 
inAPAE69.(5) 

The  major  primary  system  components  are  the  pressure  vessel  with  its 
contained  core  and  associated  primary  shielding,  a  vertical  steam  generator, 
a  pressurizer,  a  single-canned-rotor  circulating  pump,  and  interconnecting 
piping.  All  primary  system  components  that  are  in  a  vertical,  cylindrical 
vapor  container  20  ft  in  diameter.  Adjacent  to  the  vapor  container  is  the  spent 
fuel  pit  with  a  fuel  transfer  tube  connecting  it  with  the  vapor  container.  The 
layout  of  the  vapor  container  and  spent  fuel  pit  is  shown  in  Dwg.  Mil 594- 56. 

14.  2.  3  General  Design  Philosophy 

The  shield  design  of  the  SM-2  reflects  the  stringent  requirements  of  the 
power  complex  in  which  it  will  be  used.  If  the  reactor  has  to  be  shut  down  to 
repair  or  adjust  a  component  within  the  vapor  container,  enough  primary  shield¬ 
ing  has  to  be  employed  so  that  the  vapor  container  can  be  entered  within  a  few 
hours  after  shutdown,  therefore  minimizing  reactor  down  time.  Sufficient 
secondary  shielding  is  placed  around  the  vapor  container  so  that  the  dose  rate 
in  the  remainder  of  the  power  complex  is  at  or  below  working  tolerance  levels 
if  an  accident  occurs  which  releases  fission  products  or  other  activity  within  the 
vapor  container  of  one  of  the  reactors.  If  such  an  accident  occurs,  free  access 


to  the  remainder  of  the  complex  must  be  maintained  so  that  the  system  can  pro¬ 
duce  an  uninterriq;>ted  supply  of  power.  The  dose  rate  levels  in  the  plant  have 
to  be  sufficiently  low  so  that  a  small  staff  can  operate  and  maintain  the  system 
without  any  of  the  personnel  receiidngmore  than  the  maximum  permissible  dose 
rate  of  300  mr  per  week.  Particular  attention  is  paid  in  this  design  to  mini¬ 
mizing  any  hot  spots  by  employing  local  shielding  around  penetrations  of  the 
primary  shield  and  shielding  any  areas  which  may  contribute  to  the  dose  rate 
by  scattering  around  the  shields. 

14.  3  SHIELD  DESIGN  DATA  SUMMARY 


In  the  tables  below  are  listed  the  dimensions  and  other  design  parameters 
of  the  shielding  required  for  the  SM-2  plant. 


14. 3. 1  Primary  Shield 


Region 

Material 

Outer  Radius 
(In.) 

Thickness 
(In. ) 

Core 

- 

11.195 

Water  gap 

Water 

11.283 

0. 0880 

Thermal  shield 

Stainless  steel 

12.283 

1.000 

Water  gap 

Water  . 

12.533 

0.25 

Thermal  Shield 

Stainless  steel 

13.658 

1.125 

Water  gap 

Water 

13.908 

0.25 

Thermal  shield 

Stainless  steel 

16.283 

2.375 

Water  gap 

Water 

16:533 

0.25 

Thermal  shield 

Stainless  steel 

19.721 

3.1875 

Water  gap 

Water 

20. 502 

0. 7813 

Pressure  vessel 

Stainless  steel 

20.002 

4.  50 

Insulation 

Void  (assumed) 

28.672 

3.  625 

P.  V.  support  ring 

Carbon  steel 

30. 127 

1.5 

Water  annulus 

Water 

53. 127 

23 

Shield  tank 

Carbon  steel 

53.  627 

0.5 

H^gion 

,  Heavy  Shield  Lead, 
P»  11. 3  or 
Concrete  P*  2.4 


Material 


Outer  Radius  Thickness 
(In.)  (In. ) 


61.127 

86. 127 


7.5 

32.5 


14.  3. 2  Secondary  Shield 
Material 

14.  3.  3  Spent  Fuel  Shipping  Casks 
Shielding  material 
Elements  per  cask 
Thickness,  in. 

Weight,  tons 


Cooling  time  before  shipment  (days) 

Dose  rate  one  meter  from  cask  -  mr/hr 

Decay  heat,  watts/element 

Deposited  in  elements 
Deposited  in  shield 

14.  3. 4  Demineralizer  Cask  Shielding 
Material 
Thickness,  in. 

Dose  rate  one  meter  from  surface  after 
cooling  time  of  24  hr  (mr/hr) 

_14.  3.  5  Hot  Waste  Tank 

Active  source 

Material 

Sheld  thickness,  ft . 


Naturally  occuring  earth,  sand  or  gravel 


Lead 


10-3/4 


Lead 
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Dose  rate  on  surface  of  shield  (mr/hr) 


(See  Section  1. 2) 
Portland  concrete 


(See  Section  1 . 2) 


t 


Q 


14.  3. 6  Radiation  Dose  Rates 


Design  Dose  Rate 
(mr/hr) 

Calculated 

(mr/hr) 

Normal  operation 

• 

• 

Adjacent  to  secondary  sheidling 

0.75 

Dose  rate  outside  the  primary  shield 

2.  5  hrs  after  shutdown,  mr/hr 

20 

12-16 

Dose  rate  during  fuel  transfer 

Integrated  dose  (mr/wk) 

300 

Maximum  dose  rate 

100 

Dose  rate  above  spent  fuel  pit 

15  hr  after  shutdown  7.  5 

14.4  PRIMARY  SHIELDING 


The  primary  shield  of  the  SM-2  is  designed  to  protect  personnel  within  the 
vapor  container  during  maintenance  and  refueling  operations.  Shielding  of  the 
spent  fuel  pit  and  shipping  casks  is  considered  with  the  primary  shielding  since 
the  source  is  similar  and  the  water  level  in  the  spent  fuel  pit  is  determined  by 
the  water  level  in  the  upper  shield  tank. 

14.  4. 1  Primary  Shield  Design  Criteria 

Primary  shielding  design  requirements  for  the  SM-2  are  based  principally 
on  the  shutdown  dose  rates.  At  2.  5  hrs  after  shutdown,  following  any  reactor 
operation  time,  the  dose  rate  within  the  vapor  container  is  restricted  to  less 
than  20  mr/hr  except  during  fuel  transfer.  This  dose  rate  is  based  on  the 
number  of  hours  generally  required  for  maintenance  purposes  inside  the  vapor 
container  and  a  permissible  weekly  dose  of  300  mr.  While  the  fuel  is  being 
transferred,  a  maximum  of  100  mr/hr  is  allowed  at  the  operator  positions 
above  the  upper  shield  tank  surface  and  above  the  spent  fuel  handling  tank. 

The  spent  fuel  shipping  casks  are  shielded  to  meet  I. C.  C.  shipping  require¬ 
ments  when  they  contain  spent  fuel  that  has  been  cooled  for  120  days. 
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Precautions  are  taken  to  assure  that  the  shields.are  adequately  cooled  to 
prevent  overheating  from  deposition  of  radiation  energy.  Also,  the  design  has 
been  examined  for  integrity  to  assure  that  no  cracks  or  ducts  are  allowing 
localized  hot  spots  to  occur. 

14. 4. 2  Radial  Dimensions  at  Core  Mi(^lane 

As  part  of  the  design  of  the  SM>2  primary  shield, a  survey  was  undertaken 
to  determine  the  material  thickness  and  arrangemehts  that  would  result  in  a 
dose  rate  of  20  mr/hr  on  the  shield  surface  2.  5  hr  after  shutdown.  (3)  The 
shield  configurations  studied  consisted  of  water  annuli  of  varying  thickness 
followed  by  aidense  shield  of  concrete,  load,  or  lead  shot  in  water.  Concrete 
provided  the  most  economical  shield  while  the  lead  shield  was  the  thinnest. 

Becaqse  of  space  limitations,  it  was  necessary  to  use  the  lead  shield  on  that 
portion  of  the  primary  shield  circumference  facing  the  other  primary  system 
components  which  consist  of  the  steam  generator,  primary  pump,  pressurizer 
and  interconnecting  piping.  The  remainder  of  the  primary  shield  is  made  of 
concrete. 

14. 4. 3  Radiation  Distribution  in  Core  Midplane 

The  SM-2  radial  shielding  in  the  core  midplane  consists  of  a  23  in.  water 
annulus  followed  by  either  concrete  or  lead.  The  reactor  vessel  is  located  near 
the  edge  of  the  vapor  container  with  concrete  shielding  used  on  the  sides  and 
between  the  shield  tank  and  the  vapor  container.  Toward  the  center  of  the  vapor 
container,  lead  is  utilized  on  a  120°  sector  of  the  shield  to  provide  a  thinner  shield 
and  hence  allow  more  space  within  the  vapor  container. 

Neutron  flux  distributions  and  operating  and  shutdown  gamma  dose  rates 
were  calculated  in  both  the  lead  shielded  and  the  concrete  shielded  sectors  of 
the  reactor. 

14.4.4  Neutron  Fluxes 

Neutron  fluxes  were  calculated  utilizing  the  Valprod(®)  IBM  650  code,  a 
modified  two-group  multiregion  diffusion  code.  Previous  e:}q>erience  with  this 
code(7)  has  indicated  that  the  results  are  conservhtive(3).  Table  14-1  tabulates 
the  material  constants  used  in  the  calculations. 

The  radial  neutron  flux  distributions  shown  in  Figs.  14-1, 14-2,  and  J4-3 
resulted  from  the  code.  Figure  14-1  shows  the  distribution  from  the  core  to  the 
outsldo  of  the  shield  tank  while  Figs.  14-2  and  14-3  show  the  fluxes  in  the  lead 
and  concrete  respectively. 

Xhese  neutron  fluxes  were  used  as  input  for  the  ROC  codes^'^)  for  use  in 
the  secondary  gamma  production  calculations.  In  addition,  they  were  used  to 
determine  the  neutron  flux  levels  at  the  instrument  well  locations. 


TABLE  14-1 

VALPROD  MATERIAL  CONSTANTS 
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14. 4. 5  Operating  Gamma  Dose  Rates 

Gamma  dose  rate  distributions  were  calculated  utilizing  the  ROC  codes  which 
employ  5  gamma  tay^energy  groups: 


Energy  Group  Photon  Energy  (Mev)  Average  Energy  (Mev) 


1 

2 

3 

4 

5 


7 

5-7 

3-5 

1-3 

0-1 


7 

6 

4 

2 

0.75 


The  ROC  codes  calculate  gamma  dose  rates  within  a  shield  due  to  gamma 
rays  arising  from  neutron  interactions  in  the  shield  and  due  to  gamma  rays  from 
the  core.  The  ROC  codes  calculate  gamma  dose  rates  within  a  shield  due  to 
gamma  rays  arising  from  neutron  interactions  in  the  shield  and  due  to  gamma 
rays  from  the  core.  The  ROC  codes  are  based  upon  ejqponential  attentation  of 
the  gamma  rays  with  infinite  medium  Moments  Method  buildup  factors  following 
a  treatment  similar  to  that  given  by  Rockwell.  (9)  E}q)erience  with  this  codeC^) 
has  indicated  that  it  produces  results  which  are  conservative. 

The  results  of  the  ROC  codes  for  operating  gammas  are  Itemized  in  Tables 
14-2  and  14-3  and  are  plotted  in  Figs.  14-4  and  14-5  for  the  lead  and  concrete 
sectors  of  the  shield  respectively.  Gammas  arising  from  neutron  interations 
in  the  shield  and  from  the  core  are  listed  separately  in  the  tables  and  the  total 
dose  rates  are  plotted  in  the  figures.  It  can  be  seen  that  the  operating  dose  rate 
at  the  outside  surface  of  the  7.  5  in.  lead  shield  is  7.  5  r/hr,  while  the  dose  rate 
outside  of  the  32.  5  in.  concrete  shield  is  3.  2  x  10^  r/hr.  These  leakage  dose 
rates  are  used  in  section  3.3.2  as  a  source  for  evaluation  of  the  secondary 
shielding. 

14. 4. 6  Shutdown  Gamma  Dose  Rates 

The  ROC  codesC^)  were  used  again  to  calculate  the  dose  rates  through  the 
lead  and  concrete  shields  2.  5  hr  after  shutdown.  The  data  calculated  af  e  pre¬ 
sented  in  Table  14-4  and  14-5  and  in  Figs.  14-6  and  14-7.  It  may  be  seen  that 
the  shutdown  dose  rate  outside  of  the  lead  sector  is  12  mr/hr  and  outside  the  con¬ 
crete  sector  15.  3  mr/hr.  The  principal  source  for  these  dose  rates  is  activation 
of  the  thermal  shielding  materials. 
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TABLE  14-2 

OPERATING  GAMMA  DOSE  RATES  THROUGH  LEAD  SECTOR 


<r 


Gamma  Dose  Rate 
from  Neutron 


Inches  from 
Core  Center 

Interactions  in 
Shield  (r/hr) 

Gamma  Dose  Rate 
from  Core  (r/hr) 

Total  Gamma 
Dose  Rate  (r/hr) 

30. 13) 

38.75)  , 

47.  38)  water 

53. 13) 

6.  60  X  105 

2.66  X  105 

1.24  X  105 

7.  68  X  10^ 

3.  57  X  10^ 

1.  68  X  104 

7. 10  X  103 

4. 14  X  103 

6.95x105  • 

2.83  X  105 

1.31  X  105 

3. 10  X  10^ 

53.63) 

Tank 

5.05  X  103 

3.86  X  102 

5.  43  X  105 

55.  50) 

58.31)  _  . 

60.19) 

61. 12) 

5.05  X  lOj 

1.73  X  10“ 

1.97  X 10^ 

6. 77  X  10° 

3. 86  X  102 

1.75  X  lOl 

2. 14  X  lOO 

7.  53  X  10-1 

5.43  X  105 

1.90  X  102 

2.19  X  lOl 

7.  52  X  loO 

TABLE  14-3 

OPERATING  GAMMA  DOSE  RATES  THROUGH  CONCRETE  SECTOR 


Inches  from 
Core  Center 

Gam  ma  Dos  e  Rate 
from  Neutron 
Interactions  in 

Shield  (r/hr) 

Gamma  Dose  Rate 
from  Core  (r/hr) 

Total  Gamma 
Dose  Rate(  r/hr) 

30. 13) 

41-63) 

53.13) 

6.  59  X  10® 

2.04  X  105 

7.  68  X  104 

3.  57  X  lo4 

1.  28  X  104 

4. 13  X  103 

6.95  X  105 

2. 17  X  105 

8.09  X  104 

53.63)  Shifeld 
Tank 

5.  69  X  104 

3. 14  X  10® 

6. 00  X  104 

71.68)-  ,3.  17x103 

86.13)  ■^°""®1®3.08  X  102 

1.  32  X  10® 

1.  50  X  lOl 

3.  30  X  10® 

3.  23  X  102 
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SHUTDOWN  GAMMA  DOSE  RATES  THROUGH  LEAD 


Gamma  Dbse  Rate  Gamma  Dose  Rate 

Due  to  Activation  Due  to  Activation  Total  Gamma 


Inches  from 
Core  Center 

of  Shield  Materials 
(r/hr) 

Gammas  from  the  Core 
( r/hr) 

Dose  Rate 
(r/hr) 

30.13) 

38.75)„,  , 

47.  38) 

53.13) 

5. 21  X  103 

1.62  X  103 

4.  58  X  102 

1.97  X  102 

6.11xl0l 

2.  69  X  lOl 

1.27  X  lOl 

6. 18  X  lOO 

5. 27  X  103 

1.  64  X  103 

4.  59  X  102 

2.  03  X  102 

53.  63) 

Tank 

1.  36  X  102 

•4.  52  X  loO 

1.40  X  102 

‘ 

55.5  ) 

58.31);  , 

60. 19) 

61.12) 

1.29  X  10\ 

3.98  X  10-1 

3. 75  X  10-2 

15  X 10-2 

6.35  X  10-1 

2. 29  X  10-2 

2.33  X  10-3 

6.91  X  10-4 

1.  36  X  lOl 

4.  20  X  10"! 

3. 98  X  10-2 

1.21  X  10-2 

TABLE  14-5 

SHUTDOWN  GAMMA  DOSE  RATE  THROUGH  CONCRETE  SHIELD 


Inches  from 
Core  Center 

Gamma  Dose  Rate 
Due  to  Activation  of 
Shield  Materials 
(r/hr) 

Gamma  Dose  Rate 

Due  to  Activation 
Gammas  from  the  Core 
(r/hr) 

Total  Gamma 
Dose  Rate 
(r/hr) 

30.13) 

41. 63)  Water 

53.13) 

5.21  xlO^ 

1.07  X  103 

1.97  X  102 

6.11  X  lol 

2.31  X  lOl 

6. 18  X  lOO 

5.27  X  102 
1.09  X  103 
2.03  X  102 

53.  63) 

Tank 

1.  36  X  102 

4.  51  X  10° 

1.39  X  102 

71.68)^ 

86.1^)  Concrete 

1.21  X  10° 

1.53  X  10-2 

- 

1.21  X  loO 

1.  53  X  102 
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14. 4. 7  Shield  Tailoring 


The  shielding  specified  in  the  core  midplane  is  more  than  adequate  for 
points  above  the  mic^lane.  On  the  other  hand,  the  shielding  specified  assumes 
no  discontinuities  in  the  shielding.  A  material  savings  will  result  from  tailor¬ 
ing  the  lead  primary  shielding  by  making  it  thinner  where  slant  penetration 
through  the  water  and  lead  provide  greater  shielding  than  that  available  in  the 
core  midplane.  However,  patching  of  the  shielding  will  be  necessary  in  the 
vicinity  of  penetrations  of  the  shield. 

14. 4. 7. 1  Lead  Thickness  as  a  Function  of  Height 

As  the  elevation  of  a  dose  point  above  the  core  midplane  increases,  several 
effects  take  place.  Increased  water  thickness  due  to  slant  penetration  provides 
additional  attenuation.  The  increased  distance  from  sources  in  the  core  and 
thermal  shield  reduced  the  dose.  The  slant  penetration  angles  through  the  pres¬ 
sure  vessel  increase.  Greater  thicknesses  of  steel  block  the  radiation  at  the 
flange  below  the  vessel  head,  and  the  slant  penetration  thickness  of  the  lead  pri¬ 
mary  shielding  increases  with  the  secant  of  the  angle  between  the  radiation 
path  and  the  horizontal  plane. 

The  effect  of  increased  water  thickness  upon  the  dose  rate  as  the  radiation 
passes  through  higher  elevations  may  be  seen  in  Fig.  14-8,  which  shows  the 
water  attenuation  of  the  shutdown  core  gammas  for  an  integrated  spectrum  2-1/2 
hours  after  shutdown.  The  centerline  of  the  fuel  chute  is  used  as  a  reference 
for  water  attenuation. 

As  a  result  of  these  plant  penetration  effects,  the  lead  may  be  tapered. 

While  a  continuous  variation  in  lead  thickness  could  have  been  provided,  a  stepped 
shield  as  shown  provides  for  greater  ease  of  fabricating  using  either  lead  brick 
or  lead  rings. 

The  approach  used  in  calculating  the  lead  thickness  required  for  elevations 
above  and  below  the  core  were  based  upon  Peebles'  technique(lO)  for  radiation 
obliquety  incident  upon  slab  absorbers.  Peebles  has  developed  buildup  factors 
for  various  angles  of  oblique  incidence.  These  buildup  factors  take  into  considera¬ 
tion  multiple  scattering.  These  factors  require  a  greater  shield  thickness  than 
a  calculation  based  upon  line-of-sight  slant  penetration  thicknesses  alone  because 
scattering  events  may  allow  radiation  to  escape  from  the  shield  after  traversing 
less  shielding  than  the  uncollided  radiation  would  have  traversed.  This  buildup 
factor  is  defined  as 

Bg  =  (Transmitted) 

Incident 

where  t  is  the  slab  thickness  measured  along  the  normal.  These  buildup  factors 
are  plotted  in  Fig.  14-9. 


A  concrete  footing  was  required  to  support  the  lead.  Fig.  14>10  shows 
total  dose  rate  vs.  concrete  thickness  for  different  times  after  shutdown.  From 
these  curves  it  was  determined  that  24  in.  of  concrete  provides  adequate  attenua¬ 
tion  at  the  base  of  the  primary  shield  for  both  uncollided  and  scattered  radia¬ 
tion. 


One  inch  of  additional  lead  shielding  is  placed  around  the  top  four  ft  of 
primary  shielding  to  reduce  the  dose  rate  during  fuel  transfer  operations  to 
tolerance  level.  This  additional  tailoring  of  the  primary  shield  is  based  upon 
considerations  of  one  fuel  element  of  source  strength  3. 1  x  lO^^xnev/sec  at  its  ^ 

highest  position  in  the  upper  shield  tank. 

14. 4. 7. 2  Streaming  Through  Primary  Piping  Penetrations 

There  is  a  radiation  streaming  path  where  the  primary  piping  penetrates 
the  lead  primary  shield  and  the  pressure  vessel  wall  that  is  potentially  a  severe 
radiation  hazard.  The  radiation  shielding  by  the  4-1/2  in.  steel  pressure  vdssel 
wall  and  the  7-1/2  in.  of  primary  lead  shield  are  absent  at  these  penetrations. 

Therefore,  additional  shielding  must  be  provided  to  attenuate  the  gamma  stream¬ 
ing  dose  rate  to  biological  tolerance  level  at  shutdown. 

Due  to  the  complex  geometry  of  the  arrangement,  a  precise  calculation 
of  the  dose  rate  at  the  penetrations  cannot  be  performed.  However,  the  shield¬ 
ing  requirements  can  be  determined  by  indirect  methods. 

At  worst,  the  shielding  required  would  be  equivalent  to  that  needed  at  the 
mid-plane  Of  the  reactor  core.  This  would  mean  a  patch  that  would  be  equivalent 
to  the  shielding  provided  by  7-1/2  in.  of  lead  and  4-1/2  in.  of  steel.  But  gamma 
rays  streaming  through  the  annulus  must  either  pass  through  the  pipe  at  the  elbow 
or  through  the  pipe  nozzles.  The  lesser  of  these  two  is  the  pipe  elbow  which  would 
provide  1-1/2  in.  of  steel  for  gamma  attenuation.  The  reduced  density  water  at 
the  elbow  provides  additional  attenuating  material  which  is  equivalent  to  1/2  in.  of 
steel.  The  net  loss  of  shielding  material  for  this  case  is  therefore  2-1/2  in.  of 
steel  and  7-l/2  in.  of  lead.  Fifteen  in.  of  lead  shot  with  a  40  percent  void  factor 
around  the  elbow  is  therefore  provided  for  the  shield  patch. 

The  patch  is  extended  beyond  the  diameter  of  the  duct  annuli  so  that  there  is 
no  possible  direct  radiation  path  from  any  region  of  the  core  without  traversing 
the  equivalent  of  the  shielding  along  the  midplane  of  the  reactor  core. 

The  steel  jacket  which  contains  the  lead  shot  has  not  been  considered  in 
the  calculations  but  will  provide  compensatory  shielding  should  any  bridging 
voids  develop  in  the  lead  shot  patch. 

In  order  to  assure  that  the  above  reasoning  provides  adequate  shielding  for 
the  penetrations  a  calculation  was  performed  using  a  geometry  which  is  both 
simpler  than  the  actual  case  for  analysis  purpose,  (Dwg.  C9-46-123)  and  more  severe 
than  the  actual  case  from  the  shielding  point  of  view.  This  calculation  indicates, 
because  of  its  severity,  the  amount  of  shielding  which  constitutes  a  maximum 
upper  limit  for  the  actual  case. 
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The  equation  used  was: 


where 

Sy  =  Volumetric  source  strength  (mev/cm^-sec) 

/jtg  =  Linear  absorption  coefficient  of  source  material  (cm"^) 

L  >  Length  of  annular  duct  (cm) 
rj^  =  Radius  of  the  pipe  (cm) 

R  r  Outer  radius  of  annulus  (cm) 

T2  -  Radius  of  source  (cm) 

rg  =  Distance  from  axis  of  source  to  measuring  point  (cm) 

C  =  Flux  to  dose  converstion  factor  (Sl^  ) 

cm^  -sec/r/hr 

This  equation  was  derived  from  that  given  by  Rockwell^®)  for  an  annular 
duct  perpendicular  to  a  sperical  source.  The  equation  was  altered  to  describe 
a  volumetric  source  with  cylindrical  geometry  by  the  term 


The  input  values  for  the  calculations  were: 

Sy  =  1.01  X  10^3  mev/cm3  -  sec 

Ms  =  •  460  cm"^ 

L  =  101.  7  cm 

C  =  3.  6  X  105  -“fiv 

cm^  -sec/r/hr 

r  j  =  17. 8  cm 

R  s  28  cm 


r2  =  101. 7  cm 
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The  dose*rate  |t  the  end  of  the  annular  duct  as  calculated  by  the  above 
method  was  4.8  x  lO"  r/hr.  The  amount  of  patch  required  to  attenuate  this  dose 
to  tolerance  le  vel  Is  16  in.  of  lead  shot. 

The  gamma  streaming  from  the  annular  ducts  in  the  SM-2  will  be  at  least 
a  factor  of  10  lower  than  that  of  the  case  calculated  due  to  the  SM-2  geometry, 
which  permits  line  of  sight  streaming  only  for  the  outer  edges  of  the  core  and 
thermal  shields.  All  other  gamma  rays  streaming  from  the  ducts  must  pass 
through  more  shielding  material  (pressure  vessel  wall,  primary  lead  shield, 
pipe  walls,  etc.)  than  that  previously  considered. 

The  difference  between  the  shield  patch  provided  in  the  SM-2,  and  that 
required  by  the  hypothetical  case  examined  above,  is  only  1  in.  of  lead  shot. 

In  view  of  the  extreme  differences  ill  the  geometry  of  the  two  cases,  the  15  in. 
of  patch  provided  in  the  SM-2  design  is  conservative. 

Shattering  provides  additional  problems.  Where  the  radiation  path  through 
lead  passes  near  the  surface  of  the  shielding,  scattering  events  may  bring  the 
scattered  gammas  out  of  the  shield  through  a  shorter  path  length  than  is  afforded 
by  a  line  of  sight  path  from  the  source. 

The  energy  degradation  in  Compton  scattering,  which  is  the  predominant 
scattering  mode  for  the  energies  involved  here,  is  given  by: 

1 _ 

1  +  la-  (1-Cos  A) 

0.51 


=  energy  of  the  scatter  photon 
=  energy  of  the  incident  photon 
=  scattering  angle 


J- 

E, 


where 


E 

Eo 

e 


The  following  tabulation  shows  the  scattered  photon  energy  for  the  range 
of  incident  photon  energies  typical  of  the  shutdown  core  spectrum  hardened  by 
passing  through  a  portion  of  the  primary  shield  and  for  various  scattering  angles. 


SCATTERED  PHOTON  ENERGY  RATIO»  ^/Eq 


Incident  Photon  Energy: 

1.0  Mev. 

1 . 5  Mev. 

2.0  I 

Scattering  Angle 

60° 

0.50 

0.42 

0.34 

70° 

0.43 

0.35 

0.28 

80° 

0.  38 

0.30 

0.23 

90° 

0.34 

0.22 

0.20 

100° 

0.30 

0.24 

0.18 

The  ratios  of  the  scattering  to  total  cross  sections  for  lead  are: 

ENERGY 

1.0  Mev.  0.  69 
l.SMev.  0.75 
•2.0  Mev.  0.74 

In  those  portions  of  the  shielding  around  the  piping  where  scattering  was  likely 
to  be  a  problem, shielding  was  added  to  eliminate  the  problem.  A  typical  calcu¬ 
lation  Is  outlined  here  to  Illustrate  the  method  used. 

The  Inlet  pipe  to  the  pressure  vessel  forms  an  angle  of  15°  with  the  normal 
to  the  primary  shield  water  tank.  Primary  radiation  from  an  assumed  source  at 
the  central  portion  of  the  core  cannot  Intersect  the  closest  wall  of  the  pipe.  To 
escape  the  shield,  most  of  the  core  radiation  will  pass  essentially  parallel  to  this 
wall.  However,  radiation  from  a  significant  portion  of  the  core  and  thermal 
shields  may  pass  Into  the  pipe  and  be  scattered  by  the  pipe  wall  and  the  lead  shielding 
around  the  pipe.  The  scattered  radiation  from  the  pipe  wall  and  Inner  portion  of 
the  lead  shielding  may  pass  through  greatly  reduced  material  thickness  where  the 
scattering  angle  Is  from  70°  to  100°.  The  average  energy  of  the  scattered  radia¬ 
tion  Is  0.  3  Ep.  A  reasonable  conservative  Incident  energy  for  this  case  Is  1.  5 
Mev.  The  scattered  ray,  therefore,  has  ah  average  of  0. 45  Mev.  The/>^pfor 
■  lead  at  this  energy  Is  0. 2. 

The  1.  5  mev  gammas,  with  a/p^of  0.052,  would  require  15  in  of  lead  shot 
to  attenuate  the  radiation,  but  at  the  reduced  energy  leveL  only  3.9  In.  would  be 
required.  Based  upon  the  ratio  of  the  cross  sectlonsjV  /  =  0. 75],  no  more 

than  75  percent  of  this  radiation  may  scatter  before  being  absorbed.*^  In  addition, 
less  than  half  the  projected  volume  of  the  core  can  contribute  to  this  scattered 
dose,  since  the  primary  radiation  from  most  of  the  core  and  thermal  shields  cannot 
Intersect  the  pipe  wall  under  consideration.  These  two  factors,  .  5  x  .  75  =  .  375, 
are  equal  to  the  attenuation  of  an  inch  of  lead  shot,  thus  reducing  the  required  thick¬ 
ness  to  absorb  the  scattered  radiation  to  3  in.  in  ^is  region.  The  final  shape  has 
been  made  more  regular  than  the  minimum  called  for  by  the  calculation  to  permit 
easier  fabrication. 
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14. 4. 7. 3  Upper  Shield  Tank 


The  upper  shield  tank  Is  designed  to  provide  shielding  for  personnel  per¬ 
forming  fuel  element  transfer  operations.  In  addition,  it  is  desired  that  the 
dose  rate  above  the  upper  shield  tank  with  all  of  the  fuel  in  the  coil  be  no  greater 
than  7.  5  mr/hr. 


14. 4. 7. 4  Dose  Rate  During  Fuel  Transfer 

• 

The  dose  rate  during  fuel  element  transfer  was  limited  to  a  maximum  of 
•  100  mr/hr.  The  maximum  dose  rate  will  occur  when  the  hottest  fuel  element  is 
in  the  highest  position.  An  e:q)osure  of  3  hr  would  be  required  at  this  dose  rate 
to  accuniula,te  the  allowed  weekly  dose  of  300'  mr.  This  would  allow  an  average 
handling  time  for  each  element  of  about  5  min  in  the  highest  position  which  is 
considerably  longer  than  the  time  which  should  be  required. 

It  was  assumed  that  the  fuel  transfer  operation  would  take  place  at  15  hr 
after  shutdown.  It  may  also  be  assumed  that  the  hottest  element  is  1.  5  times 
as  active  as  the  average  element. 


The  gamma  rays  were  divided  into  four  energy  groups  for  these  calcula¬ 
tions: 


Group  I 
Group  n 
Group  in 
Group  IV 


0-0. 25  mey 
0. 26  -  1. 00  mev 
1.01  -  1.  70  mev 
>  1.70  mev 


A  single  spent  fuel  element  can  be  assumed  to  be  a  line  source.  The  ap¬ 
propriate  line  source  equation  is 

F(e,b) 

27Ta 


where: 


0  =  dose  rate  (mr/hr) 

B  =  Buildup  factor 

Sl  =  Source  strength  line  source  (mev/cm"^  -sec“^) 

Ce  =  Flux  to  dose  conversion  factor  (mev/cm^  sec  to  mr/hr) 


;onv< 

F(0>  b)  =  F  factor  =  J^sec  $'  dQ' 

o 

a  =  distance  from  dose  point  to  line  source  (cm) 
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Source  strengths  were  obtained  from  a  plot  (Fig.  14-11)  of  gamma  activity 
vs.  time  after  shutdown  from  1  to  104  hours.  These  data  were  obtained  from 
ORNL  2127^^2'  for  an  operating  time  of  2. 9  x  10*^  sec,  a  total  U235  inventory(13) 
of  9.  605  X  1035  original  atoms,  a  core  vaolume  of  1.  364  Jx  105  cm3  and  a  thermal 
neutron  flux  of  3  x  10l3  n/cm^-sec. 

The  dose  rates  calculated  by  the  above  equation  for  water  thicknesses  from 
3  ft  to  100  ft  over  one  fuel  element  are  plotted  in  Fig.  14-12.  The  dose  rate  re¬ 
quirements  will  be  met  if  8. 7  ft  of  water  is  kept  over  the  fuel  elements  at  all 
times  during  the  transfer  operation.  The  curve  also  gives  the  dose  rate  to  be 
expected  if  the  fuel  element  is  placed  at  some  intermediate  position. 

14. 4. 7.  5  Dose  Rate  from  Shutdown  Core 


The  water  level  in  the  upper  shield  tank  should  be  high  enough  to  reduce 
the  dose  rate  from  the  shutdown  core  to  less  than  7.  5  mr/hr  at  2.  5  hr  after 
shutdown. 


The  reactor  core  was  used  as  a  volumetric  source  and  the  dose  rate  above 
the  water  was  calculated.  The  appropriate  equation  for  the  dose  rate  at  the  end 
of  a  cylinder  is 


0=  - 

2//sCe 


E,  (bj)  -  E2  (bj)  +  ^2  (*>3  sec  e  )  E;  (bi  sec  Q  ) 

sec  Q  sec  0 


where: 


Mg  =  Macroscopic  cross  section  of  source  material  (cm"^) 


Sy  =  Volumetric  source  strength  (mev/cm^-sec) 

bi  =  Z 


bg  =  bl  +  gh 


h 

E2(b) 


»  height  of  cylinder  (cm) 


Fig.  14-13  is  a  plot  of  the  gamma  dose  rate  at  the  water  surface  versus  water 
height  above  the  core.  It  may  be  seen  that  12  ft  of  water  are  needed  to  reduce  the 
dose  rate  to  7.  5  mr/hr. 

14. 4. 7.  6  Spent  Fuel  Handling  System 

At  the  end  of  useful  core  life,  the  spent  fuel  elements  are  removed  from  the 
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reactor  core  and  transferred  to  the  spent  fuel  pit.  In  this  pit,  the  fuel  elements 
will  be  stored  about  120  days  and  will  then  be  loaded  into  shipping  casks  for 
shipment  to  the  processing  plant. 

14. 4. 7.  7  Fuel  Element  Handling 

t 

During  the  fuel  element  transfer  operation,  the  water  level  in  the  spent  fuel 
pit  will  be  the  same  as  that  in  the  upper  shield  tank.  The  fuel  element  transfer 
tube  is  oriented  horizontally  and  the  handling  operations  to  remove  the  fuel  element 
from  the  transfer  device  should  not  result  in  a  higher  position  than  that  required 
to  load  the  fuel  element  in  the  transfer  carrier.  Therefore,  the  dose  rate  above 
the  spent  fuel  handling  pit  will  not  exceed  100  mr/hr  during  the  fuel  transfer 
operation. 

While  loading  the  fuel  elements  into  shipping  casks,  the  elements  will  have 
to  be  lifted  high  enough  to  clear  the  sides  of  the  cask.  Fig.  14-12  gives  the  dose 
rates  as  a  function  of  water  height  over  one  fuel  element,  and  has  been  used  to 
determine  the  shielding  required  to  permit  this  operation. 

14. 4.  7. 8  Water  Above  Stored  Core 


While  the  core  is  stored  in  the  spent  fuel  pit,  sufficient  shielding  in  the  form 
of  water  over  the  core  is  provided  to  reduce  the  dose  rate  at  the  water  surface  to 
7.  5  mr/hr.  Dose  rates  from  the  stored  core  15  hr  after  shutdown  were  calculated. 
The  results,  ehown  in  Fig.  14-12,  indicated  that  12  ft  of  water  provides  shielding 
adequate  to  meet  the  dose  rate  restriction. 


14.  5  SPENT  FUEL  SHIPPING  CASK 

The  SM-1  fuel  elements  have  been  designed  with  minimum  sized  end  boxes, 
and  may  be  accommodated  by  smaller  shipping  casks  than  those  used  for  the  SM-1 
or  PM-2A.  Also,  the  lead  shielding  of  these  previous  casks  is  inadequate  to  supply 
the  radiation  protection  needed  for  the  SM-2  fuel  elements.  A  shipping  cask  must 
reduce  the  dose  rate  to  shipping  tolerances,  provide  adequate  goolingtor  after-heat 
removal,  and  be  designed  such  that  no  critical  assembly  of  fuel  could  be  shipped 
in  it.  Economic  advantages  may  be  accrued  by  designing  a  cask  of  such  weight 
that  it  may  be  handled  at  the  facilities  where  it  is  used  and  transported  by  all  of 
the  means  required  to  take  it  to  and  from  these  locations. 

To  facilitate  development  of  the  most  convenient  and  economical  cask  which 
will  meet  these  requirements,  a  set  of  curves  was  developed.  These  curves  give 
the  minimum  lead  shielding  thickness  required,  weight  of  each  cask,  and  total 
shipping  weight  per  core.  Each  of  these  parameters  is  plotted  vs  the  number  of 
fuel  elements  per  cask.  The  resulting  curves  may  be  used  as  a  guide  for  deter¬ 
mining  the  number  of  fuel  elements  which  may  be  most  economically  shipped  in 
one  cask  without  exceeding  handling  limitations. 


► 


The  weight  curves  presented  here  are  approximate  and  were  used  only  as  a 
guide  for  sizing  and  designing  the  casks.  When  the  number  of  elements  to  be  shipped 
in  one  cask  is  established  and  the  designs  are  completed,  they  should  be  reviewed 
to  assure  that  the  shield  is  a  good  design  without  needlessly  excessive  shielding. 


Assumptions  which  were  necessary  in  order  to  develop  the  data  desired  wei^e: 

1.  The  casks  will  be  designed  for  central  fuel  elements  having  1.  5  times  the 
average  activity. 

2.  The  reactor  has  been  operated  for  one  year  at  28  MW  Constant  power. 

3.  The  fuel  has  been  allowed  to  cool  120  days. 

4.  The  source  is  concentrated  at  a  point  and  no  self -attenuation  is  allowed. 

5.  The  dose  rate  one  meter  from  the  cask  surface  is  limited  to  10  mr/hr. 

6.  The  only  source  of  activity  is  the  fission  products. 

Gamma  ray  energies  for  the  reactor  history  assumed  (2  and  3  above)  were 
taken  from  Reference  1  and  groined  into  two  groups.  Group  A  was  used  to  re¬ 
present  those  gamma  rays  having  energies  from  0  to  1.2  Mev,  while  group  B 
represented  those  of  energies  greater  than  1. 2  Mev.  Average  energies  of  0. 75 
and  1.7  Mev  respectively  were  used  since  most  of  the  activities  are  near  these 
energies.  The  rate  of  gamma  emission  per  fuel  element  was  found  to  be: 


Energy  Group 

Source  Strength  (Mev/sec) 

A 

5.  47  X  10^^ 

B 

1.03  X  10l3 

.Dose  rate  from  one  element,  D(i) ,  as  a  function  of  lead  shielding  thickness 
was  then  calculated  from  the  following  equation: 

Dm  =  B  (E,  AX)  Se-MX 

'  4Tr^ 

where 


X 


=  Buildup  factor 
=  Source  strength  (Mev/sec). 

=  Flux  to  dose  conversion  factor  — 

Mev/sec 


=  Gamma  ray  linear  absorption  coefficient  ^ ,  and 

cm 


=  Lead  thickness  (cm). 
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The  curve  which  was  plotted  from  these  data  allowed  the  minimum  lead  thickness 
required  to  reduce  the  dose  rate  from  any  number  of  fuel  elements  to  10  mr/hr  at 
1  meterv^^  to  be  determined.  This  procedure  resulted  in  Fig.  14-14,  which  gives 
the  lead  thickness  required  for  the  shipping  casks  as  a  function  of  the  number  of 
elements  contained  therein. 

Weight  calculations  were  based  on  lead  casks  of  sufficient  length  to  accomodate 
fuel  elements  26-1/4  inches  long  and  having  a  3-3/4  inch  square  cross  sectional 
modulus.  The  separation  between  the  element  and  the  inside  of  the  cask  to  ^How 
for  cooling  and  structure  was  taken  to  be  0. 75  in. ,  the  same  as  for  the  PM-2Al^®J 
shipping  casks.  Lead  thicknesses  taken  from  Fig.  14-14  were  used  with  simplified 
geometrical  models  of  the  required  lead  volumes  to  calculate  the  approximate  cask 
weights.  The  weights  obtained  are  presented  in  Fig.  14-15.  The  total  lead  shield¬ 
ing  weight  required  to  ship  45  fuel  elements  is  also  shown.  The  economic  advantage 
of  using  larger  casks  is  evidenced  ^in  this  figure. 

Provisions  must  be  made  in  the  shipping  cask  for  the  removal  of  after-heat. 
The  amount  of  fission  product  power  deposited  in  the  core  was  taken  from  data 
presented  by  Clancy  and  StehnCl7).  This  is  280  watts  or  956  Btu/hr  for  each 
fuel  element.  The  besting  load  as  a  function  of  the  number  of  fuel  elements  is 
presented  in  Fig.  14-16. 

After  considering  the  parameters  presented  here  and  the  convenience  of  small 
shipping- casks,  a  cask  for  6  fuel  elements  was  designed  (Dwg.  M11594-95).  This 
cask  is  similar  in  design  to  the  SM-1  cask,  with  reduced  length  and  increased  lead 
thickness. 


14.  6  INSTRUMENT  WELL  SHIELDING 


The  nuclear  ins^trymentation  for  the  SM-2  must  be  capable  of  siqpporting  a 
reactor  startup  in  no  more  than  1  hr  after  a  hot  scram.  In  order  for  the  instru¬ 
ments  to  give  accurate  readings  at  the  lower  limito  of  their  ranges,  the  gamma 
dose  rate  must  not  exceed  a  maximum  level  of  10^  R/hr  for  BF3  instruments  and 
33  R/hr  for  compensated  ion  chambers. 

From  Fig.  14-6,  the  gamma  dose  rate  at  the  instrument  well  position  2.  5 
hr  after  shutdown  is  5. 2  x  lO^  R/hr.  This  value  was  used  with  the  values  of  the 
gamma  dose  rate  as  a  function  of  time  after  shutdown  for  the  SM-1  which  are  pre¬ 
sented  in  Fig.  2.  3  of  APAEifo.  3iS  (3)  to  find  the  gamma  dose  rate  one  hour 
after  shutdown.  This  was  10^  R/hr  and  includes  both,  fission  product  gammas 
and  activation  gammas. 

The  range  of  the  detectors  and  the  maximum  permissible  gamma  background 
at  the  lower  limit  of  the  range  are  listed  below: 

Max  Gamma 


Instrument 

Range  (NV) 

Background  (R/hr) 

BF3 

2.  5  (10-1)  -  2.  5  (104) 

10^ 

Compensated  Ion 
Chamber 

2.  5  (102)  -  2.  5  (IQIO) 

33 
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When  startup  is  initiated  after  a  hot  scram,  the  thermal  neutron  flux 
will  increase  at  a  rate  proportioned  to  the  reactor  period.  The  gamma  flux  will 
increase  at  a  slower  rate  during  startup,  since  it  is  primarily  due  to  decay  gamma 
radiation  and  may  be  assumed  constant  for  a  short  time  after  startup  is  initiated. 
With  this  assumption,  the  gamma  flux  at  the  detector  locations  is  10^  R/hr  when 
the  detectors  give  readings  at  their  lower  limits.  The  gamma  flux  must  be  at¬ 
tenuated  by  a  factor  of  10“1  for  the  BF3  counter  and  3. 3  x  lO"^  for  the  compen¬ 
sated  ion  chamber. 

In  order  to  determine  the  lead  thickness  required  to  attenuate  the  gamma 
flux  by  these  factors,  ttie  gamma  energy  distribution  at  the  instrument  well  posi¬ 
tion  was  assumed  to  be  the  same  as  the  fission  product  gamma  spectrum  one 
hour  after  shutdown  after  100  hr  of  constant  power  reactor  operation. 

The  gamma  ray  spectrum  from  U-235  fission  products  for  these  conditions 
was  obtained  from  reference  (16). 

The  lead  shielding  required  on  the  core  side  of  each  instrument  are  shown 
below  where  account  has  been  taken  of  the  fact  that  the  lead  shield  replaces  an 
existing  water  shield  of  the  same  thickness. 


Instrument 

BF3 

Compensated  Ion  Chamber 


Lead  Shielding  ThiOkneas 
On  Core  JSide  .df '  Instrum  ertts 

(inches)  _ _ 

1.8 

5.1 


These  lead  thicknesses  will  reduce  the  thermal  neutron  flux  by  a  factor  of 
2  for  the  BF3  counter  and  by  a  factor  of  8  for  the  compensated  ion  chamber. 

The  gamma  dose  rate,  due  to  neutron  capture  in  hydrogen  and  compton 
scattering  in  the  water  gap  behind  the  instrument  were  considered  for  the  com¬ 
pensated  ion  chamber  because  of  its  low  gamma  tolerance. 


The  contribution  to  the  dose  rate,  due  to  neutron  capture  gammas  from 
water  was  shown  to  be  negligible  by  the  following  argument: 


The  least  neutron  flux  that  can  be  measured  by  the  compensated  Ion  Chamber 
is  2.  5  (10^)  NV.  This  flux  is  assumed  to  be  totally  absorbed  in  the  water  gap.  If 
each  capture  gives  rise  to  a  2.2  mev  gamma  ray,  the  resulting  gamma  flux  will 
be  4  X  10~^  R/hr.  This  is  insignificant  compared  with  the  permissible  dose  rate 
of  33  R/hr. 


The  contribution  to  the  dose  rate,  due  to  scattering  in  the  water  behind  the 
instrument  well,  was  determined  by  tracting  the  flux  at  the  instrument  well  posi¬ 
tion  as  a  parallel  beam  of  1  mev  gamma  rays.  A  point  kernel  for  the  dose  rate 
at  the  detector  from  scattered  gamma  rays  was  defined  and  integrated  over  the 
half  space  behind  the  detector  well. 


14-23 


The  backscattered  dose  irate  thus  calculated  was  1. 4  percent  of  the  uncollided 
dose  rate  or  140  R/hr. 

The  lead  thickness  required  behind  the  compensated  ion  chamber  to  reduce 
the  dose  rate  from  140  R/hr  to  33  R/hr  is  0. 8  inches.  No  shielding  is  required 
behind  the  BF3  counter. 


14.7  AFTERHEAT 

The  energy  produced  by  the  fission  products  in  a  reactor  has  been  calcu¬ 
lated  by  Stehn  and  Clancy,  (lo)  Virtually  all  of  the  beta  energy  and  about  60 
percent  of  the  gamma  energy  is  converted  to  heat  before  leaving  the  reactor  core. 
The  total  fission  product  energy  as  a  fraction  of  operating  power  is  given  in 
Fig.  14-17  as  a  function  of  time  after  shutdown  after  one  year  operation  at  28  MW. 
The  power  will  be  distributed  about  80  percent  in  the  core  and  20  percent  in  the 
shielding. 


14.8  SHIELD  HEATING 

14. 8. 1  Gamma  Heating  Distribution  During  Operation 

The  gamma  heating  rate  was  calculated  by  the  ROC  codet*^)  during  full  power 
operation  using  the  applicable  property  constants  for  each  material  region  traversed. 
Conversion  constants  were  caclulated  by  the  formula 

"Material  *  1-  55  a  10-8  E 

where 

1.  55  X  10"®  *  Conversion  factor  from  Mev/cm®  -  sec  to  BTU/ft®-hr 
Me  a  Energy  absorption  coefficient  for  the  material  region,  cm“^ 

E  =  Energy,  (MEV/photon) 

^Material  ~  Conversion  factor  from  gamma  flux  to  heat  deposition 


Table  14-6  gives  the  conversion  constants  for  each  material  used  and  the 
energy  absorption  values  used  for  gamma  heating. 

The  gamma  heating  rates  for  lead  and  concrete  are  plotted  for  each  material 
region  and  are  shown  in  Fig.  14-18  and  14-19,  respectively. 
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TABLE  14-6 

ENERGY  ABSORPTION  COEFFICIENTS  AND 
PROPERTY  CONSTANTS  FOR  GAMMA  HEATING 


Energy  (mev. )  Energy  Absorption  Coefficienl|p  (cin“^) 


7 

Water 

0.018 

Iron 

0.188 

Concrete 

0.0534 

Lead 

0.4537 

6 

0.019 

0.184 

0.0514 

0.4196 

4 

0.021 

0.177 

0. 0507 

0.  3629 

2 

0.026 

0.161 

0.0572 

0.  3232 

0.75 

0.033 

0.212 

0.0661 

0.  6919 

Energy  (mev. ) 

Conversion  Constants,  Hg 

7 

Walgr. 

5. 128x10^^ 

Iran 

4. 90x10® 

Concrete 

1. 727xl0l0 

LSgA 

2. 031xl0g 

6 

5. 649xl0}0 

5. 84x10®. 

9. 112x10® 

2.091xl0}0 

2. 56  xlOV 
4. 445x10® 

4 

7. 692xl0j° 

3. 180xl0l® 

2 

1.240xl0jj 

2. 004x10^® 

5.  640x10 10 

9. 981x10®^ 

0.75 

2.60  xlO^^ 

4. 045xl0l® 

1.  301xl0ll 

1. 243xl0l0 

14. 8. 2  Neutron  Heating 

In  order  to  ascertain  the  importance  of  fast  neutron  heating  relative  to  gamma 
heating  in  the  lead  and  concrete  shields,an  estimation  of  the  heat  generation  due  to 
fast  neutroxLSwas  obtained  and  compared  to  the  gamma  heating  in  these  regions. 

It  was  assumed  that  the  kinetic  energy  of  allifast  neutrons  incident  upon  the  surface 
of  a  region  is  abosrbed  within  that  region,  and  that  the  average  kinetic  energy  per 
neutron  is  1  mev. 

The  rate  of  heat  deposition  was  calculated  for  a  position' of  each  region  cor¬ 
responding  to  the  22.  5  in.  core.  Above  and  below  the  core,the  fast  flux  falls 
off  r^ldly.  However,  neutron  energy  incident  on  a  ten  inch  section  of  each  region 
both  above  and  below  the  core  was  also  calculated.  In  either  case  the  heating  was 
calculated  by  the  equation. 

H  =0  A  E 

Where 


f=  neutron  heating  in  me v/sec. 

=  average  fast  flux  at  inner  surface  of  region. 

_ =  inner  surface  area  of  region  on  which  flux  is  incident. 

E  =  average  neutron  energy  -  1  mev. 
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Data  were  obtained  from  AP  Notes  and  and  from  the  Winddwi- 

shade  code.  In  calculating  the  heating  in  that  part  of  each  region  corresponding  to 
the  22.  5  in.  core,  the  following  constants  were  used: 

Region*  Inner  Radius  (in. ) 


Lead  4-  136 

Concrete  136 


Incident  Flux  (n/cm^  sec) 

1.76  (lO*^) 

8.0  (105)  . 


A  linear  average  of  the  flux  at  the  top  of  the  core  and  the  flux  10  in.  above 
the  core  was  used  in  calculating  the  heating  in  the  10  in.  section  of  each  region 
above  the  core. 


The  average  core  fast  flux  is0=  4. 243  x  10^^. 

Flux  at  top  of  core:  loj^ 

Flux  10"  above  top  of  core:  2. 4  (10^^) 

taking  a  linear  average  =  10^^  (10^^)  =  5. 12  (10^^) 

5  12 

the  ratio  of  the  flux  above  core  to  the  average  core  flux  =  .  =  0. 1207 

4.  243(10^) 


Therefore,  the  average  flux  incident  on  a  10  inch  section  of  the  lead  or  concrete 
above  the  core  is  (0. 1207)  (1. 76  x  lO?)  s  2. 12  x  10®  n/cm2  sec. 

The  fast  neutron  heating  at  a  distance  greater  than  10  in.  above  or  below 
the  core  is  negligible  compared  to  these  values. 

The  rate  of  heat  generation  due  to  fast  neutrons  is  less  than  that  due  to  gamma 
rays  by  a  factor  bf  lO^  in  the  lead  and  concrete. 

Since  98  percent  of  the  fast  neutrons  have  energies  less  than  10  mev  and 
neutrons  reactions  will  deposit  less  than  10  mev,  an  .  upper  limit  to  the  neutron 
heating  may  be  obtained  by  assuming  that  all  neutrons  incident  upon  the  surface 
of  a  region  each  deposit  10  mev  of  energy  within  that  region.  Therefore,  in  the 
extreme  case,  the  neutron  heating  will  be  no  more  than  1  percent  of  that  due  to 
gammas. 

The  neutron  heating  in  the  lead  and  concrete  shields  is  negligible  compared  to 
the  gamma  heating  and  additional  cooling  provisions,  over  that  necessitated  by 
the  gammas, are  not  required.  A  more  refined  calculation  of  neutron  heating  using 
the  neutron  reactions  and  their  subsequent  energy  releases  is  therefore,  not  justi¬ 
fied  for  this  shielding  geometry. 
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14.9  SECONDARY  SHIEIDING 


14. 9. 1  General 


The  purpose  of  secondary  shielding  in  the  reactor  complex  is  twofold. 

During  normal  operation  the  secondary  shield  maintains  a  low  dose  outside  of  the 
primary  system  area.  In  the  event  of  fission  products  accidently  being  released 
from  the  reactor,  the  dose  rate  outside  of  the  primary  system  area  will  be  within 
tolerance  levels. 

The  secondary  shield,  or  vapor  container,  in  satisfying  the  above  requirements 
shall  also  prevent  the  dispersion  of  activated  materials  into  the  countryside  of  the 
event  of  an  accident. 

14. 9. 2  Design  Criteria 


The  secondary  shield  of  the  SM-2  is  designed  to  permit  no  more  than  10  per 
cent  of  laboratory  tolerance,  0. 75  mr/hr,  exterior  to  the  vapor  container  shield 
during  normal  full  power  operation.  In  addition,  there  is  sufficient  secondary 
shielding  to  limit  the  dose  rate  to  7. 5  mr/hr  outside  a  specified  exclusion  area 
should  a  maximum  credible  accident  occur.  This  exclusion  area  is  laid  out  so 
that  there  is  free  access  to  the  remainder  of  the  power  complex. 

14. 9.  3  Shielding  Required  for  Maximum  Credible  Accident 


The  theoretically  maximum  credible  accident  for  the  design  of  the  SM-2 
vapor  container  has  been  defined  in  APAE  63.  Briefly,  the  max-crax  consists 
of  a  simultaneous  rupture  of  the  primary  and  secondary  systems.  The  core  is 
then  assumed  to  melt  down  and  release  a  portion  of  its  fission  products  in  a 
cloud  form. 

For  the  purpose  of  a  shielding  study  calculation,  20  percent  of  the  total 
number  of  curies  contained  in  the  core  are  assumed  to  be  released  in  the  cloud. 
This  is  slightly  more  conservative  than  the  experimental  data  which  indicate  that 
about  16  percent  of  the  activity  will  be  released.  Other  assump|tions  made  for  the 
calculations  are  that  a  2  mev  gamma  per  disintegration  is  produced,  and  point 
source  geometry  can  be  used  to  approximate  the  cloud  source. 

In  the  process  of  completing  the  initial  design  survey  of  the  vapor  container 
concept  it  was  necessary  to  determine  the  secondary  wall  thickness  needed  to 
reduce  the  dose  rate  to  7l  5  mr/hr  on  the  outer  surface  of  the  vapor  container 
under  "max-crax"  conditions.  A  calculation  based  on  the  following  data  was 
made  for  this  purpose: 

1.  Number  o^toms  U-235  in  SM-2  core  per  unit  volumes  -  6.94  x  10^® 
atoms/cm". 

2.  Core  volume  -  1.  384  x  10^  cm^. 


3.  Core  lifetime  -  25. 8  MWYRi. . 

4.  Total  number  of  curies  per  original  atom, of  U-235  »  1. 9  x  10"^®  curves/ 
atoms  U-235. 

5.  /i/p»  0.0459. 

6.  P  =2.4  g/cm^  for  ordinary  concrete. 

7.  The  source  strength  due  to  the  activated  nuclides  in  the  cloud  was  calr  ^ 

culated  as 

So  =  2. 69  X  10^®  MEV/sec 
The  following  equations  were  used: 


D  . 

47rR2  Ce 


+<l-Ai)e'O^Mo*  (2) 


These  equations  are  found  in  reference(ll). 

The  possibility  of  using  an  exclusion  area  around  the  vapor  container  to  re¬ 
duce  the  amount  of  concrete  necessary  for  secondary  shielding  was  investigated. 

The  following  equation  was  used  to  determine  the  area  size  needed  to  make  a. sig¬ 
nificant  change  in  secondary  shield  depth. 

(Radius  of  specified  point)^ _  5  mr/hr  =  Maximum  Dose  Rate 

(Radius  of  vapor  container  surface)  *  '  ~  for  7. 5  mr/hr. 


The  results  of  these  calculations  are  shown  on  Fig.  14-20  and  14-21.  Refer¬ 
ence  to  Fig.  14-20  shows  that  in  order  to  attain  a  dose  rate  of  7.  5  mr/hr  at  the 
outside  of  the  vapor  container,  a  concrete  wall  79  in.  (6. 6  ft)  is  necessary.  This 
would  be  impractical  as  well  as  e:q)ensive.  Fig.  14-21  shows  the  relationship 
between  the  distance  from  the  center  of  the  vapor  container  and  concrete  wall  thick¬ 
ness  for  an  isodose  of  7.  5  mr/hr.  It  is  readily  seen  that  for  3  ft  of  concrete  the 
exclusion  area  would  have  to  be  approximately  one  mile.  This,  too,  is  impractical. 
An  alternate  method  of  protection  was  devised  by  partially  burying  the  vapor  con¬ 
tainer  in  the  ground  and  using  a  mound  of  dirt  backfill  for  4iielding.  This  solu¬ 
tion  permits  the  use  of  a  material  which  is  not  only  ine^qpensive  but  also  available 
in  unlimited  amounts.  The  layout  of  a  reactor  with  such  a  secondary  shield  ar¬ 
rangement  is  shown  in  APAE  63.'^^) 
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14. 9. 4  Shielding  Required  During  Normal  Operation 

14. 9. 4. 1  Calculation  of  Activity  In  Primary  Water 

A  principal  source  of  gamma  activity  in  power  reactors  in  which  the  primary 
coolant  in  water  is  due  to  the  reaction  in  the  water.  This  reaction,  whose 
threshold  is  10. 2  mev,  is  shown  in  the  formula:  .  * 


V 


+  to  n^— 

where  an  oxygen  nucleus  captures  a  fast  neutron,  transforms  into  7^^®  nucleus  and 
decays  by  emission  with  a  characteristic  half-life  of  7. 35  seconds.  Fifty-five 
percent  of'mese  disintegrations  are  accompanied  by  a  6. 13  mev  gamma  ray,  20 
percent  by  a  7. 13  mev  gamma  ray,  and  1  percent  by  a  gamma  ray  energy  which 
may  range  from  8. 89  mev  to  1. 76  mev.  The  remaining  R  decays  go  directly  to 
the  ground  state.  (20) 

14. 9.4.2  Cross  Section  for  Activation 

The  cross  section  for  the  gO^®  activation  as  a  function  of  energy  has  been 
investigated  by  Martin(21)  and  his  results  are  reproduced  in  Fig.  14-22  with  the 
cross  section  at  18  Mev  increased  to  60  mb  in  accordance  with  Martin's  "note 
added  in  proof"  to  reference  (21). 

An  average  cross  section,  cT  >  for  neutrons  above  10  mev  distributed  in 
energy  according  to  Watt's  fission  spectrum  was  calculated  as  follows: 


oc 

/  N  (E)  O'(E)  (E)  dE 
•TO  Mev 

r^N  (E)  dE 
JlO  Mev 


where 

N  (E)  =  0.484  sinh  e"®  (see  Ref.  22). 

The  numerator  was  integrated  numerically;  the  denominator  was  Integrated 
analytically  using  error  functions.  • 

rf- 1.96x10-^, 

1.205  X  10-3 

(Ref.  22  reports  the  integral  of  the  denominator  as  1.  2  x  10**  3) 

»  16.  3  mb 
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14. 10  ACTIVATION  REGIONS 

In  the  SM-2  reactor,  the  primary  water  will  be  activated  in  all  regions  within 
the  pressure  vessel  except  the  stagnation  volume  in  the  lower  end.  The  stagnation 
volume  is  that  water  which  resides  statically  in  the  pressure  vessel.  The  activat* 
ing  regions  within  the  vessel  are  indicated  by  Roman  numerals  in  the  schematic 
of  Fig.  14-23. 

The  region  designated  by  IX  is  the  last  separate  activating  region  according  to 
the  geometry  of  the  system.  However,  as  the  primary  coolant  leaves  region  VIII 
it  rises  through  region  XX  to  the  top  of  the  vessel  chamber  and  then  must  flow  down¬ 
ward  to  pass  through  the  exit  nozzle.  Thus,  about  one-third  of  it  is  again  e:q)oshd 
to  the  activating  flux  in  this  region  near  the  exit  nozzle.  For  computational  pur¬ 
poses  this  was  designated  as  region  X. 

14. 10. 1  Flux  Distribution  in  Activating  Regions 


To  compute  the  average  flux  above  10  mev,  the  assmnption  was  made  that 
the  neutron  flux  above  10  mev  has  the  same  radial  distribution  as  the  fast  group 
flux.  Therefore,  the  initial  radial  fast  flux  distribution  as  calculated  by  Valprod, 
an  IBM650  two-group  diffusion  code,  and  shown  in  Fig.  14-24  will  be  used.  The 
flux  distribution  of  Fig.  14-24  has  been  normalized  to  yield  a  flux  of  1.0  when 
averaged  over  the  core.  The  following  values  for  normalized  average  fast  fluxes 
and  peak  to  average  ratios  apply  in  the  core  region.  .(23)  These  values.were 
calculated  for  conditions  of  equilibrium  xenon  zero  MW  years  operation,  and  rods 
in. 


Average  fast  flux  in  core 
Average  fast  flux  in  Region  Vin 
Average  fast  flux  in  Region  II 
Radial  peak  to  average  fast  flux  =1 


avg.^ 

Axial  peak  to  average  fast  flux  sfpeak' 

avg. 

Overall  peak  to  average  =  P  =  P|^ 


peak 


S 

1 

= 

1.278 

s 

.763 

Radial 

= 

Pj^  =  1.  6518 

Axial 

P^  =  1.452 

2.402 

The  average  radial  fast  flux  in  the  reflector,  region  V,  was  calculated  by  the 
method  e7q)lained  in  reference  (24).  The  equation  used  in  this  method  is  shown  below. 
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</)  (R)  RdR  ZTT 


2  0(R)  RdR 


average  radial  fast  flux  in  the  reflector  region  -  n/cm^-sec 

radial  distance  out  from  centerline  of  core  -  inches. 

radial  increment  between  flux  points 

flux  at  R  dist.  from  centerline  -  n/cm^-sec 

flux  at  designated  points 

index  of  flux  points 


where 

avg  = 

(h  n  ~ 
n  = 


Values  for  the  fast  flux  in  the  reflector  region  were  taken  from  Fig.  14-1. 
This  method  yeilded  a  peak  to  average  flux  ratio  of  13.  53:1.  This  ratio  was  also 
used  for  regions  IV  and  VI  of  Fig.  14-23.  A  radial  peak  to  average  ratio  of  0.  763: 
1.  6518  is  used  for  regions  I,  n,  HI,  and  X  and  a  ratio  of  12. 78:  1.  6518  is  used  in 
regions  VII,  Vm,  and  IX. 

The  axial  fast  flux  distribution  for  the  SM-2  core  has  been  calculated  with 
WindowshadeV^S)  (an  IBM  650  code  for  modified  two  group  solution  of  the  diffusion 
equation  in  slab  geometry).  The  axial  fast  flux  distribution  is  shown  in  Fig.  14-25. 
It  was  necessary  to  calculate  the  axial  average  and  peak  fast  fluxes  in  the  region 
from  the  upper  edge  of  the  active  core  to  the  top  inner  surface  of  the  pressure 
vessel.  These  flux  distributions  were  established  by  using  the  method  described 
in  reference  (24);  the  equation  used  in  this  method  is  given  below. 


Zi  Z2 
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(3) 


^  (Z)  d  Z 
(Z2  -  Zl) 


(0z^ 


(4) 

-"I 


where 


0 


Z 


=  relative  axial  flux  as  a  function  of  axial  mean  point 


Az 

0E 


3  axial  mesh  spacing 
=  relative  axial  flux  at  axial  mesh  point 


Axial  flux  data  were  taken  from  Windowshade  and  are  shown  in  Figs.  14-26  and 
14-27.  An  axial  peak  to  average  fast  flux  of  27. 9:1  for  the  region  between  the  lower 
edge  of  the  active  core  and  the  stagnation  level  was  determined.  This  axial  peak 
to  average  ratio  is  applied  to  regions  I,  VI,  and  VII  as  described  in  Fig.  14-23. 
Similarly,  the  axial  peak  to  average  ratios  in  the  region  between  the  upperti^dge 
of  the  core  and  the  top  inner  surface  of  the  pressure  vessel  was  computed  to  be 
146:1.  This  jaxikl  peak  to  average  ratio  ^  applied  to  regions  m,  IV,  DC,  and  X. 

The  axial  fast  flux  distribution  in  the  reflector  was  considered  to  be  the  same  as 
in  the  core.  Thus  from  previously  Indicated  values  the  axial  peak  to  average  ratios 
in  regions  n,  V  and  Vin  is  1.452:1.  The  following  tabulation  shows  the  axial 
and  radial  average  to  peak  fast  flux  ratios. 

Region  .  Radial  (0avg/0peak)  Axial  ( 0avg/  0pe^) 


f 

.763/1.6518 

1/27.9 

n 

.763/1.6518 

1/1.452 

m 

,763/1.6518 

1/146 

IV 

1/13.53 

1/146 

V 

1/13.53 

1/1.4542 

VI 

1/13.53 

1/27. 9 

vn 

1.278/1.6518 

1/27. 9 

vra 

1.278/1.6518 

1/1.4542 

DC 

1.278/1.6518 

1/146 

X 

.763/1.6518 

1/146 
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14. 10. 2  Calculation  of  Flux  Above  10  Mev 


Since  the  variation  of  the  flux  both  radially  and  axially  has  now  been  obtained, 
It  is  necessary  to  calculate  the  flux  above  10  mev  at  only  one  point  In  the  core  to 
have  a  complete  description  of  the  flux.  Therefore,  the  flux  was  calculated  at  the 
vertical  centerline  of  the  reactor  core  by  methods  outlined  In  references  (11)  and 
(26).  (5)  (33) 

The  calculation  of  the  flux  above  10  mev  Is  divided  Into  two  parts:  a  calcu- 
latlo^of  the  uncollided  flux  above  10  mev((p\mc)  and  a  calculation  of  the  collided 
flux(0  c)  above  10  mev. 


14. 10. 2. 1  Calculation  of  Uncolllded  Flux 


The  uncolllded  flux  may  be  obtained  by  equating  the  rate  of  promotion  of  un- 
collided  neutrons,  S(E),  to  their  rate  of  disappearance  by  collision,  0unc  (^) 

0unc  (E)  lT(E)dE  =  S(E)dE  (5) 

0u„c(E)  dE  =  S(E)  dE 

Where 

Zt  (E)  =  total  macroscopic  cross  section  at  E  (cm"^) 

E  =  neutron  energy  (Mev) 

S(E)dE  =  V  Rf  N  (E)  dE  (neutrons/cm^-sec) 

N(E)  =  Watt’s  fission  spectrum  (neutrons/fission  neutron) 

N(E)  =  0.484  e'^  slnh 

Rp.  =  fission  rate  (fisslon/cm^  sec) 

=  (  Z  0  )fast  (  Z  0  ^thermal 

ij  =2.46  for  thermal  neutron  reactions  2.48  for  fast  neutron 

reactions  (neutrons/fissloin) 

=  average  fast  neutron  flux  (neutrons/cm^-sec) 

n 

=  average  thermal  neutron  flux  (neutrons/cm^-sec) 

=  total  macroscopic  fission  cross  section  for  fast  neutron  (cm"^) 


0fast 

0thermal 
L  thermal 
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2/Rp 


new  fast 

and  0  thermal 
where 

B 

PMW 
^  core 


s  2. 48  (Rp)  fast  •••  2v  46  (Rp)  thermal 
,  (1-B)  6pMW 


'fast 


PMW 


V 


core 


thermal  U 


core 


=  0.00673 


vlO 


=  3.2175  X  10  -  fisslon/watt  -  sec 

7 

=  reactpr  power  =  2. 8  x  10  -  watts 

5 

=  core  volume  =  1.4  x  10  cm*’ 


(6) 


(7) 


therefore: 

_  2.48  (1-B)  6  PMW  2.  46  B  PMW 

xCj,  %  “  ~  ■  .  -  —  -  4* 

Vcore  Vcore 

Insertion  of  numerical  values  yields 

a  1.  58795  X  10^^  neutron/cm^-sec 

then  </)  unc  (E)  =  1.58795  x  10^^  (N(E) 

(E) 


(8) 


Table  14-7  illustrated  the  uncollided  flux  calculation.  The  flux  calculations 
were  made  for  neutrons  having  energies  between  10  and  17  mev.  The  neutron 
flux  greater  than  17- mev  is  negligible  for  the  purpose  of  these  calculations. 
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N(E)  taken  from  reference  (8). 


o 


14. 10. 2. 2  Calculation  of  Collided  Flux  Above  10  Mev 


The  equation  used  to  calculate  the  collided  flux  is  as  follows: 


.(8) 


- 


-oo 


VR^ 


eEh  (e) 


(1-P) 


N(E')  dE' 


(9) 


where 

P 


3  probability  that  a  neutron  makes  its  first  collision  inelastically 
with  stainless  steel  rather  than  elastically  with  hydrogen. 


-&o 


t} 

^88 


P(E)  = 


y  y^ 

E  +  ^s 


N(E')  dE' 


(10) 


ss 


roo 

N(E')dE' 


=  stainless  steel  microscopic  inelastic  cross  section  (cm~^) 

SS 

Z  H  =  macroscopic  elastic  cross  section  for  hydrogen  (cm"^) 


88 


1J56  =  (f 


i 

Fe 


Ngg  =  number  density  of  stainless  steel  =  1.81  x  10^^  (atom/cm 
=.  02715  cm"^ 

^ss 

Table  14-8  illustrated  the  calculation  of  the  collided  flux. 

To  calculate  the  total  flux  above  10  mev, the  uncollided  fluxesLdf  Table  14-7 
are  added  to  the  collided  fluxes  of  Table  14-8  and  the  results  integrated 
numerically  between  10  and  17  mev.  The  flux  at  the  centerline  of  the  reactor 
calculated  in  this  manner  is: 

(h  =2. 149  X  10^^  neutron/cm^-sec 

^>10  mev 
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14. 10.  3  Calculation  of  Specific  Activity  of  Primary  Water 


A  schematic  drawing  which  illustrates  the  SM-2  primary  coolant  flow  scheme 
is  shown  below.  This  type  of  flow  scheme  is  known  as  series  (low. 


Core  Sub-regions 


External 

Loop 


Bottom  Reflector 

Fuel  Region  External 
to  Flow  Divider 

Upper  Reflector 
Side  Reflector 

Bottom  Reflector 

Fuel  Region  Inside 
Flow  Divider 

Upper  Reflector 


The  equation  for  the  specific  activity  of  the  primary  coolant  as  it  enters 
the  external  loop  is: 


S 

where 

S 

N 

P 

I 


N(O'-0)cF(  Ati) 


^c^c 


(11) 


=  Equilibrium  specific  activity  in  water  entering  external  loop 
(photons/cm^-sec) 

=  Then  number  density  of  target  atoms  in  the  water  =  lA/M 
=  Density  of  water  (gm/cm®) 

=  Isotopic  fraction.(;^  target  atoms  per  molecule  =  0. 0076  for  and 
3.7  xl0"4  for 


A  Avogadro's  number  =  6. 023  x  10^^  atoms/mole 
M  >  Molecular  weight  of  water  s  18.02  g/mole 
r,c,A  *  Reflector  and  core  respectively. 


The  average  activation  probability  over  the  range  of  the  available  spectrum 
above  threshold  In  events  per  atom  per  second  (where  I  -  c  or  r  and  j  =  r). 

F  (  At)  =  1/1-e"^^ 

Gc  =  (l-e“  (l-e‘  e“ 

(cr0  )c 

where 

A  =  Decay  constant  of  nuclide  under  consideration  (sec"^). 

T  »  Total  cycle  time  (sec) 

t(<  =  Average  time  a  unit  volume  spends  In  the  core  per  cycle  (sec) 
tj.  =  Average  time  a  unit  volume  spends  in  reflector  per  cycle  (sec) 

The  solution  of  equation  (11)  yields  the  activity  If  the  primary  coolant 
as  It  enters  the  external  loop  as: 

S  =  1.  29  X  10®  photons/cm^-sec. 


14. 10. 4  Calculation  of  Gamma  Dose  Rate  from  Primary  Coolant 

The  method  used  to  calculate  the  gamma  dose  rate  from  the  primary  coolant 
is  described  fully.  (28)  raS-I,  an  IBM  650  code  developed  by  the  Electric  Boat 
Division  of  General  Dynamics  Corp.  In  this  method,  the  primary  coolant  piping 
is  divided  Into  cylindrical  sections  about  a  foot  in  length  and  each  foot-long  source 
is  approximated  by  a  point  source  of  strength  Sv  placed  at  the  center  of  the  section. 
The  steam  generator  Is  divided  In  a  similar  manner.  A  coordinate  system  is  in¬ 
troduced  and  the  sources  are  located  in  three  dimensions.  The  components  In  the 
vapor  container  (including  the  piping  and  steam  generator)  which  afford  some 
shadow  shielding  are  also  located  in  the  coordinate  system.  The  input  to  the 
computer  Includes  data  describing  the  piping  (wall  thickness,  diameter)  which  the 
machine  uses  to  approximate  the  self-absorption  in  the  source.  The  input  also 
Includes  data  describing  the  other  components  (diameter,  wall  thickness, etc). 

The  machine  takes  each  point  source,  computes  self-absorption  in  the  pipe  or 
steam  generator,  computes  Inverse  square  attenuation,  checks  to  see  if  a  ray 
from  the  source  to  the  dose  point  passes  through  a  component  and,  if  so,  attenuates 


the  source  accordingly,  interposes  four  shields  of  specified  thicknesses  and  uses 
Peebles*!^^)  data  to  compute  slant  attenuation  and  buildup  in  the  shields.  The 
machine  also  sums  up  the  dose  rate  at  the  dose  point  from  all  the  sources  and 
prints  out  the  summation.  The  four  dose  rates  at  each  dose  point  may  be  plotted 
vs.  shield  thickness  on  semi-log  paper  to  find  the  shield  thickness  which  will 
give  a  permissible  dose  rate  on  the  outside  of  the  shield. 

A  limitation  of  this  calculation  is  that  the  shielding  interposed  between  the 
source  and  the  dose  points  must  be  either  vertical  or  horizontal. 

Dose  rates  were  calculated  at  four  locations  in  the  vapor  container.  Two 
dose  points  were  located  at  the  entrances  where  operators  and  maintenance  per¬ 
sonnel  will  require  access  during  power  operation.  These  points,  3  and  4,  are 
located  at  the  side  entrance  and  top  hatch,  respectively.  Points  1  and  2  are 
positioned  in  such  a  way  that  they  will  be  in  the  location  of  highest  radiation 
levels.  Point  1  is  on  the  vapor  container  wall  near  the  steam  generator  and 
Point  2  is  on  the  vapor  container  wall  near  the  pump.  The  steam  generator  and 
pump  contain  large  volumes  of  coolant  and  are  therefore  strong  sources  of 
gammas.  See  Figs.  14-28  and  14-29. 

Table  14-9  contains  a  listing  of  the  input  to  the  RAS-I  calculation.  All 
distances  used  in  the  RAS-1  calculation  must  be  positive;  therefore,  the  origin  of 
the  coordinate  system  is  outside  the  vapor  container. 

14. 10.  5  Presentation  of  Results 

The  results  of  the  RAS-I  Program  are  presented  in  Table  14-10  and  Fig.  14-30. 
It  is  readily  seen  that  the  dose  rates  are  a  maximum  at  Points  1  and  2  as  had  been 
predicted  in  the  preceding  discussion.  The  values  at  the  locations  where  personnel 
will  require  access  during  operation  are  signifcantly  less  than  those  at  the  maximum 
points  for  the  various  relaxation  lengths. 

14. 10.  6  Conclusion 


It  is  found  that  3.0  ft  of  concrete  shielding  will  be  required  atDose  Point  3 
and  2. 2  ft  atDose  Point  4  in  order  to  reduce  the  dose  due  to  activity  to  0. 75 
mr/hr  at  the  top' hatch  and  side  entrance.  Since  earth  fill  is  planned  for  the 
secondary  shielding,  Dose  Points  1  and  2  should  have  9. 41  and  8. 64  relaxation 
lengths  of  earth  fill  to  provide  shielding  equivalent  to  the  4. 9  and  4.  5  ft  of  concrete 
indicated  in  Fig.  14-30. 


Type 

©B* 

X 

Y 

Z 

(ft) 

(ft) 

(ft) 

s 

Boiler  End 

25 

001 

08.1 

19.9 

07.00 

003.  353 

Boiler  Tube  Section 

26 

001 

08.1 

19.9 

09.9 

536.  500 

002 

08.1 

19|B 

10.9 

039. 590 

003 

08.1 

,19.9 

11.4 

006.  500 

.  004 

08.1 

19.9 

12.4 

041.970 

005 

08.1 

19.9 

13.4 

■  041.970 

006 

08.1 

19.9 

14.4 

041.  970 

007 

08.1 

19.9 

15.4 

041.970 

008 

08.1 

19.9 

16.4 

041.970 

009 

08.1 

19.9 

17.4 

041. 970 

010 

08.1 

19.9 

18.4 

041. 970 

Oil 

08.1 

19.9 

19.4 

041.970 

012 

08.1 

19.9 

20.4 

041.970 

013 

08.1 

19.9 

2t0 

057.700 

014 

08.1 

19.9 

2i.O 

057. 700 

Schedule  1  Pipe 

33 

001 

06.4 

14.2 

11.0 

008. 640 

34 

001 

06.0 

15.6 

10.6 

020. 770 

36 

001 

05.9 

15.6 

09.7 

017. 100 

002 

05.9 

15.6 

08.8 

015.640 

003 

05.9 

15.6 

07.9 

015.200 

36 

001 

06.1 

16.0 

06.7 

030. 100 

37 

001 

06.  5 

17.0 

06.2 

031.910 

38 

001 

07.1 

18.0 

06.  5 

019.  320 

28 

001 

09.9 

19.3 

06.6 

614.  890 

29 

001 

10.7 

19.1 

06.1 

014.  820 

30 

001 

12.0 

18.6 

06.1 

014.  750 

*m  -j  -  io.  o  uo.  o  U14  650 

IDa  and  ©B  are  machine  identification  numbers  for  the  shadow  shi^Mo  a  ^ 
points,  respectively.  snaaow  shields  and  sour 


+  Cj  is  representative  of  the  strength  of  the  source  points 
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TABLE  14-9  (CONT’D) 


Type 

ID*  A, 

n>*B 

X 

Y 

z 

Cs* 

4 

(ft) 

(ft)  , 

.(ft) 

32* 

001 

13.1 

18.2 

08.1 

010. 440 

002 

13.1 

18.2 

09.0 

013. 190 

003 

13.1 

18.2 

09.9 

203. 730 

39 

001 

11.7 

16.6 

11.0 

009. 009 

40 

001 

10.4 

16.4 

10.9 

008. 850 

41 

001  . 

10.2 

16.4 

09.9 

006.  610 

002 

10.2 

16.4 

09.2 

007. 340 

- 

003 

10.2 

16.4 

08.5 

007. 340 

42 

001 

10.2 

16.1 

07.6 

007. 840 

43 

001 

10.1 

15.2 

06.9 

0004. 188 

Dose  Point 

Relaxation 

Identifica¬ 

Lengths  in 

X 

Y 

Z 

Cb2^ 

Plane 

tion 

Concrete 

(ft) 

(ft) 

(ft) 

3 

001 

0,2 

10.0 

25.2 

11.0 

10. 000 

02.314 

002 

5,8 

10.0 

25.2 

11.0 

00. 218 

00.016 

2 

003 

0,2 

17.5 

22.0 

11.0 

10. 000 

02.314 

004 

5,8 

17.5 

22.0 

11.0 

00.218 

00.016 

1 

005 

0,2 

08.1 

19.9 

45.2 

10. 000 

02.314 

006 

5,8 

08.1 

19.9 

45.2 

00. 218 

00.016 

2 

007 

0,2 

20.0 

15.3 

26.7 

10. 000 

02.314 

008 

5,8 

20.0 

15.3 

26.7 

00.218 

00.016 

♦  Cbj  and  Cb2  have  been  multiplied  by  10"^  to  fit  input. 

2 

Therefore,  dose  rates  calculated  must  be  multiplied  by  10  . 
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TABLE!  14-9  (COKT^D) 
Bhadov  jShleld  Description 


e 


Type 

®A 

Xtadtus 

« 

.  w . 

Primary  Lead 

01 

5.15 

10.0 

Shield 

02 

5. 10 

10.0 

• 

03 

4.94 

10.0 

04 

4.77 

10.0 

05 

4.60 

10.0 

Primary 

Concrete 

06 

1.25 

16.0 

Shield 

07 

1.25 

04.0 

08 

1.25 

16.2 

09 

1.25 

03.7 

10 

1.00 

15.6 

11 

1.00’ 

14.3 

12 

0.50 

14.6 

13 

0.50 

05.4 

14 

0.25 

14.0 

15 

0.25 

06.0 

Pump 

16 

1.75’ 

13.6 

17 

1.75 

13.6 

18 

1.50 

13.6 

Generator  Flange  19 

2.96 

08.1 

Heater  Boxes 

On  Pressurizer 

20 

0.21 

02.2 

21 

0.21 

02.2 

22 

0.21 

00.9 

23 

0.21 

00.7 
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Yf  Z,  OA*  Xo  Yo  Zo 

Jth .  ^  m  jfQ  (f§  (fS 

10.0 

03.0 

.00 

10.0 

10.0 

.  11.2 

10.0 

11.2 

10.0 

10.0 

13.2 

10.0 

13.2 

10.0 

10.0 

15.9 

10.0 

15.9 

, 

10.0 

10.0 

17.0 

10.0 

17.0 

10.0 

10.0 

18.5 

12.  4 

01.9 

16.0 

12.4 

18.5 

12.4 

01.9 

04.0 

12.4 

18.  5 

10.0 

01.9 

16.2 

10.0 

18.5 

10.0 

01.9 

03.7 

10.0 

18.5 

07.9 

15-.6 

07.9 

18.5 

07.9 

01.9 

04.4 

07.9 

18.5 

06.7 

01.9 

14.6 

06.7 

18.5 

06.7 

01.9 

05.4 

06.7 

18.5 

16.2 

01.9 

14.0, 

16.2 

18.5 

06.2 

01.9 

06.0 

06.2 

18.5 

18.2 

10.4 

13.6 

18.2 

12.0 

18.2 

12.0- 

13.6 

18.2 

12.7 

18.2 

12.7 

13.6 

18.2 

16.2 

19.9 

08.  5 

.00 

08.1 

19.9 

11.6 

20.2 

13.0 

.01 

04.3 

19.6 

13.0 

19.8 

13.0 

.01 

04.1 

19.2 

13.0 

15.7 

13.0 

.01 

02.9 

15.0 

13.0 

15.4 

13.0 

.01 

02.7 

14.6 

13.0 

Type 

“a 

1 

Radius 

(ft) 

TABLE  14-9  (CONT’D) 

X1  Yi  Zi 

(ft)  (ft)  (fQ 

OA* 

(f§ 

Y2 

(ft) 

Z2 

(ft) 

LowerPres- 

24 

2.00 

02.5 

17.4 

10.4 

.04 

02.5 

17.1 

13.5 

surizer  Boiler 

End 

25 

1.79 

08.1 

19.9 

07..0 

.05 

08.1 

19.9 

10.3 

Boiler  Tube 

26 

1.79 

08.1 

19.9 

10.8 

.06 

08.1 

19.9 

28. 1 

Section 

Upper  Pres- 
surizer 

27 

2.00 

02.5 

17.4 

13.5 

.18 

02.5 

17.4 

17.5 

Schedule  1  Pipe 

28 

0. 66 

09.5 

19.5 

07.0 

.29 

09.6 

19.2 

06.2 

29 

0. 66 

10.3 

19.2 

06.2 

.29 

11.1 

18.9 

05.8 

30 

0.66 

11.4 

18.8 

05.8 

.29 

12.4 

18.5 

06.2 

31 

0.66 

12.6 

18.4 

06.3 

.29 

13.1 

18.2 

17.2 

32 

0.66 

13.1 

18.2 

07.6 

.29 

06.6 

13.9 

11.0 

Schedule  0  Pipe 

33 

0.  58 

06.1 

14.9 

11.0 

.32 

06.6 

13.9 

11.0 

34 

0.  58 

06.2 

15.0 

11.0 

.32 

05.7 

15.7 

10.2 

35 

0.58 

05.9 

15.6 

10.2 

.32 

05.9 

15.6 

07.4 

36 

0.  58 

05.9 

15.7 

07.0 

.32 

06.2 

16.  3 

06.4 

37 

0.58 

06.4 

16.  5 

06.2 

.32 

06.7 

17.5 

06.2 

38 

0.  58 

06.9 

17.6 

06.2 

.32 

07.3 

18.4 

06.8 

39 

0.  58 

12.4 

16.7 

11.0 

.32 

11.1 

16.5 

11.0 

40 

0.58 

10.7 

16.5 

11.3 

.32 

10.0 

16.2 

10.6 

41 

0.58 

10.2 

16.4 

10.4 

.32 

10.2 

16.4 

08.0 

42 

0.  58 

10.3 

16.6 

07.9 

.32 

10.1 

15.7 

17.2 

43 

0.  58 

10.1 

15.5 

06.9 

.32 

10.0 

15.1 

06.9 

44 

0.14 

02.5 

17.4 

10.4 

.76 

02.  5 

17.4 

09.2 

45 

0.14 

02.5 

17.4 

09.2 

.76 

02.5 

15.6 

09.2 

46 

0.14 

02.5 

15.6 

09.2 

.76 

05.2 

15.6 

08.6 

'*'(  OA  is  a  gamma  absorption  term.  . 
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14. 11  DEMINERALIZER  CASK 

Activated  nuclides^  both  soluble  and  insoluble,  appear  in  the  primary  coolant 
due  to  the  coiprosion  and  activation  of  structural  material. 

In  order  to  maintain  a  low  concentration  of  these  activated  nuclides  in  the 
SM-2  primary  coolant  system,  a  resin  filled  demineralizer  is  placed  in  the  pri¬ 
mary  coolant  blowdown  line.  The  demineralizer  serves  the  dual  purpose  of  acting 
as  a  filter  for  insoluble  nuclides  and  as  an  ion  exchange  coiumn  for  soluble  nuclides. 
Because  of  this  accumulation  of  activated  nuclides.  Because  of  this  accumulation 
of  activated  nuclides  in  the  demineralizer,  the  demineralizer  itself  becomes  a 
radiation  source. 

Shielding mudttherefore  be  provided  for  the  demineralizer  during  operation 
and  for  shipment  of  the  demineralizer  after  usage.  The  I.  C.C.  regulation  governing 
a  spent  demineralizer  requii^  that  the  dose  rate  at  one  meter  from  the  demineralizer 
surface  does  not  exceed  10  m1r/hr.  The  shielding  required  to  meet  these  specifica¬ 
tions  for  an  SM-2  demineralizer  was  determined  in  the  following  manner: 

The  accumulation  of  active  nuclides  in  the  demineralizer  was  examined  for 
several  conditions  of  blowdown  rate,  time  on  the  line,  and  crud  buildup  in  the* 
primary  coolant  using  the  assumptions  and  procedure  outlined  in  reference  (11). 

Table  14-11  gives  the  accumulated  activity  in  the  demineralizer  for  the  three  cases 
examined. 


Case  1 


TABLE  14-11 

ACCUMULATED  ACTIVITY.  DEMINERALIZER 

Normal  blowdown,  1/2  year,  1  year  crud 


Nuclide 


Activitv 


Co58 

Mn54 

Tal82 

Co60 


1398 

2670 

2010 

826 

994 


^ase  II 


Maximum  blowdown,  1/2  year,  1  year  crud 


Nuclide 

Fp59 

Co58 

Mn54 

'rol82 


Activity 

2796 

5350 

4020 

1652 

1988 
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table  14-11  CCONrP) 


Case  in 


Normal  l)Iowdown,  1  year,  20  year  crud 
Nuclide  Activity 


Pg59 

Co58 

Mn54 

T2182 

Co60 


1670 

3750 

6710 

2060 

19480 


The  gamma  energy  and  yield  for  each  emitter  considered  is  shown  below: 


Nuclide 


%  Yield 


Energy  (mev) 


Fe59 

2.8 

0.191 

43.0 

1.289 

57.0 

1.098 

Co58 

0.5 

1.  664 

1.6 

0.865 

99.0 

0.799 

Mn^^ 

100 

0. 842 

Tal82 

113* 

1.12 

Co®0 

99 

1.333 

99 

1.172 

*  1. 12  mev  is  the  predominant  decay  gamma  energy  and  decay  scheme  is  not  well 
established,  therefore,  if  we  assumed  that  the  yield  was  equal  to  the  total  decay 
gamma  energy  divided  by  1.12. 


The  volumetric  source  strengths  for  each  gamma  energy  were  developed 
using  the  relationship 


Intensity  =  S  x  3. 7  (10*^)  x  N  x  E  x  ^ 


where: 


S  s  source  strength  in  millicuries 
N  =  Yield  fraction 
E  =  Gamma  energy 
V=  Volume  =  5.  66  x  10^  cm^ 


The  different  gammas  emitted  from  the  active  nuclide  were  consolidated  Into 
three  groups  to  facilitate  the  jcalculation  of  the  dose  rate.  The  energy  groups  that 
were  used  and  the  volumetric  source  strength  for  each  group  are  tabulated  below. 


Case  I 

Case  n 

Case  in 

Group  1 
0.82  mev 

E(  mev  ) 

(cm3  sec) 

2.  52  (10®) 

5.04  (10®) 

5. 68  (10®) 

Group  2 

1. 15  mev 

E  ” 

2. 01  (10®) 

4.02  (10®) 

1. 72  (lO*^) 

Group  3 

E 

1.38  (10®) 

2.76  (10®) 

1.74  (10*^) 

The  IBM  650  shielding  program(29)(30)  ^^s  used  to  calculate  die  dose  at 
one  meter  from  the  demineralizer  surface.  Lead  thicknesses  of  3,4  and  5  in.  were 
examined.  The  results  are  plotted  in  Fig.  14-31.  These  curves  indicate  that  for 
the  worst  case  (normal  blowdown,  1  yr  on  line,  20  yr  crud  accumulation)  a  minimum 
of  4. 4  in.  Pb  is  required. 


14. 12  HOT  WASTE  TANK 

Each  of  the  reactors  in  the  SM-2  complex  will  be  equipped  with  one  -  2500  gal 
holding  tank  and  two- 5000  gal  storage  tanks  for  radioactive  liquid  wastes.  It  was 
assumed  that  the  largest  source  which  might  be  stored  in  one  of  these  tanks  would 
be  no  more  than  the  largest  activity  occurring  in  one  of  the  EU2O3  absorber  plates. 

It  was  further  assumed  that  sufficient  shielding  should  be  provided  to  reduce  the 
dose  rate  from  this  source  to  7.5  mr/hr.  The  shield  developed  under  these  assump¬ 
tions  would  then  be  sufficient  to  reduce  to  7.  5  mr/hr  the  dose  rate  from  a  source 
equivalent  to  half  of  the  fission  products  contained  in  one  fuehplate  at  the  end  of  life, 
and  reduce  the  dose  rate  to  about  10  Rem/hr  from  a  source  composed  of  all  of  the 
radioactivity  present  in  the  fission  products  and  EU2O3  in  one  of  the  reactor  sys¬ 
tems. 

The  waste  tanks  thus  shielded  would  not  limit  operations  at  the  complex  ^due 
to  radioactive  nuclides  stored  after  any  minor  accident  and  would  not  seriously 
restrict  operation  of  one  reactor  after  storage  of  all  waste  from  any  possible 
catastrophe  with  the  other  reactor. 

The  shielding  requirements  of  the  waste  tanks  were  calculated  for  two  source. 
The  first  source  considered  was  equivalent  to  the  maximum  activity  in  one  absorber 
plate.  The  second  source  was  taken  as  20  percent  of  the  amount  of  fission  products 
present  in  one  fuel  plate  at  the  end  of  life.  The  activated  Eu  source  was  used  as 
the  basis  for  the  shielding  requirements  for  the  waste  tank  because  (a)  the  absorber 
provides  a  more  active  source,  ancU(b)  the  absorber  is  a  more  creditable  case  be¬ 
cause  of  the  high  solubility  of  EU2O3  in  water. 


14-49 


The  equation  tided  foc  Ria  ealculattoa  was 

F  # 

where 

D  =  Dose  rate  at  Surface  of  shielding  (r/hr) 

So  =  Source  activity  due  to  active  fuel  plate  material  (mev/sec) 

B  3  Buildup  factor. 

Ro  s  Radius  of  cylindrical  source  volume  (ft) 
a  s  Distance  from  surface  of  tank  (ft) 

Z  =  Self-attenuation  distance  of  source  volume  (ft) 

O 

V  =  Source  volume  (ft  ) 

C  =  Flux  to  dose  conversion  factor  (giev/ft^~sec) 

r/hr 

Q  =  Angle  formed  by  cylinder  ends  and  dose  point 

-  Linear  absorption  coefficient  of  concrete  (ft’^) 

tc  =  Thickness  of  concrete  (ft) 

Uo  =  Linear  absorption  coefficient  of  water  (ft”^) 

8> 

The  assumptions  used  for  this  calculation  were: 

1.  The  waste  tank  is  filled  with  water. 

2.  The  active  material  is  distributed  uniformly  throughout  the  walpte  tank 
volume. 

3.  The  reactor  was  in  operation  for  20  mwyr.(?®) 

4.  Portland  concrete  of  density  -  2. 4  gm/cc  was  the  shielding  material. 

5.  The  source  gammas  were  1. 1  mev  gammas. 


D  = 


SBR' 


2(a+Z)  VC 


The  source  strength  (Soi)  due  to  the  Eao03  was  determined  by  choosing  an 
effective  gamma  energy  for  each  Eu  Isotope  Eul54,  Eu^Sa)  in  the  ab¬ 

sorber  at  the  end  of  life.  (20)  The  activity  of  each  isotope(31)  w^s  then  multi¬ 
plied  by  the  effective  gamma  to  give  the  source  provided  by  each  isotope.  The 
effects  of  Eu^SS  are  masked  out  by  those  of  Eu^Q^  and  Eu^o^  so  that  it  was  then 
neglected.  The  source  strength  (So)  was  then  taken  as  the  sum  of  the  individual 
source  strengths  due  to  Eu^SZ  ^nd  Eul54^ 

• 

The  constants  for  the  5000  gal  waste  tank  in  (1)  had  the  following  values: 

Sq  =  7. 2  X  10^^  mev/sec  one  day  after  shutdown. 

Ro  =  3.  5  ft 

V  =  668.4  ft3 

C  =  5.  57  X  10®  mev/ft^-sec/r/hr  (Reference  .32). 

11^  =  4. 69  (ff^)  (Reference  33). 

jt/.g  =  2. 15  (ft“^)  (Reference  33). 

The  remaining  input  values  are  tabulated  below. 


fi 

a 

(ft) 

Z 

(ft) 

tc 

(ft) 

(61) 

3.88 

1 

1.601 

1 

83.3 

1.4  X  10-4 

7.89 

2 

1.526 

2 

76.7  • 

1.1  X  10-® 

13.65 

3 

1.  507 

3 

70.55 

8.7  X  10-® 

22.01 

44 

1.  552 

4 

64.8 

6.1  X  10-11 

'  The  results  of  the  analysis  of  the  shielding  requirements  for  the  5000  gal 
waste  tank  are  shown  inJEig.  14-32.  It  can  be  seen  that  the  5000  gal  tank,  under 
the  assumed  conditions,  will  require  2.  3  ft  of  concrete  shielding  or  its  equivalent. 

The  values  of  the  input  data  for  the  calculation  of  the  shielding  requirements 
for  the  2500  gal  waste  tank  are  tabulated  below.  Factors  which  retain  the  same 
values  as  listed  in  the  preceding  discussion  are  omitted. 


R  V  Z 


(ft) 

(ft®) 

(ft) 

e 

F  8  z 

3.0 

334.2 

1.  516 

79.7 

1.-4  X  10-4 

3.0 

334.2 

1.421 

70.0 

1.3  X  10-6 

3.0 

334.2 

1.390 

61.35 

1.1  X  10-8 

3.0 

334.2 

1.414 

53.8 

8.3  X  10-11 

The  results  of  the  2500  gal  tank  calculation  are  's)iown  in  Fig.  14-33.  It  can  be  ' 
seen  that  the  2500  gal  waste  tank  will  require  2. 4  ft  of  concrete  shielding  or  its  equi¬ 
valent.  This  same  shielding  is  sufficient  to  reduce  the  dose  rate  due  to  20  percent  of 
the  fission  products  from  one  fuel  plate  to  3  mr/hr. 
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